
ENGINEERED ANTI-IL-23 ANTIBODIES FIELD OF THE
INVENTION [0001] The present invention relates
generally to interleukin-23 pl9 (IL-23pl9) specific
antibodies and uses thereof. More specifically, the
invention relates to humanized antibodies that
recognize human IL-23pl9 and modulate its activity,
particularly in inflammatory, autoimmune and
proliferative disorders. BACKGROUND OF THE INVENTION
[0002] The immune system functions to protect
individuals from infective agents, e.g., bacteria,
multi-cellular organisms, and viruses, as well as from
cancers. This system includes several types of
lymphoid and myeloid cells such as monocytes,
macrophages, dendritic cells (DCs), eosinophils, T
cells, B cells, and neutrophils. These lymphoid and
myeloid cells often produce signaling proteins known
as cytokines. The immune response includes
inflammation, i.e., the accumulation of immune cells
systemically or in a particular location of the body.
In response to an infective agent or foreign
substance, immune cells secrete cytokines which, in
turn, modulate immune cell proliferation, development,
differentiation, or migration. Immune response can
produce pathological consequences, e.g., when it
involves excessive inflammation, as in the autoimmune
disorders (see, e.g., Abbas, et al. (eds.) (2000)
Cellular and Molecular Immunology, W.B. Saunders Co.,
Philadelphia, PA; Oppenheim andFeldmann (eds.) (2001)
Cytokine Reference, Academic Press, San Diego, CA; von
Andrian and Mackay (2000) New Engl. J. Med.
343:1020-1034; Davidson and Diamond (2001) New Engl.
J. Med. 345:340-350). [0003] Interleukin-12 (IL-12) is
a heterodimeric molecule composed of p35 and p40
subunits. Studies have indicated that IL-12 plays a
critical role in the differentiation of nave T cells
into T-helper type 1CD4+ lymphocytes that secrete
IFNg. It has also been shown that IL-12 is essential
for T cell dependent immune and inflammatory responses
invivo. (See, e.g., Cua, et al. (2003) Nature 421
:744-748. The IL-12 receptor is composed of IL-12betal
and IL-12beta2 subunits. [0004] Interleukin-23 (IL-23)
is a heterodimeric cytokine comprised of two subunits,
p i 9 which is unique to IL-23, and p40, which is
shared with IL-12. The p i 9 subunit is structurally
related to IL-6, granulocyte-colony stimulating factor
(G-CSF), and the p35 subunit of IL-12. IL-23 mediates
signaling by binding to a heterodimeric receptor,
comprised of IL-23R and IL-12bl , which is shared by
the IL-12 receptor. A number of early studies
demonstrated that the consequences of a genetic
deficiency in p40 (p40 knockout mouse; p40KO mouse)
were more severe than those found in a p35KO mouse.
Some of these results were eventually explained by the
discovery of IL-23, and the finding that the p40KO
prevents expression of IL-12, but also of IL-23 (see,
e.g., Oppmann, et al. (2000) Immunity 13:715-725;
Wiekowski, et al. (200I) J. Immunol. 166:7563-7570;
Parham, et a/.(2002) J Immunol 168:5699-708; Frucht
(2002) Sd STKE 2002, E1-E3; Elkins, et al (2002)
Infection Immunity 70:1936-1948). [0005] Recent
studies, through the use of p40 KO mice, have shown
that blockade of both IL-23 and IL-12 is an effective
treatment for various inflammatory and autoimmune
disorders. However, the blockade of IL-12 through p40,
appears to have various systemic consequences such as
increased susceptibility to opportunistic microbial
infections. [0006] The most significant limitation in
using antibodies as a therapeutic agent in vivo is the
immunogenicity of the antibodies. As most monoclonal
antibodies are derived from rodents, repeated use in
humans results in the generation of an immune response
against the therapeutic antibody. Such an immune
response results in a loss of therapeutic efficacy at
a minimum and a potential fatal anaphylactic response
at a maximum. Initial efforts to reduce the
immunogenicity of rodent antibodies involved the
production of chimeric antibodies, in which mouse
variable regions were fused with human constant
regions. Liu et al. (1987) /Vc. Natl. Acad. Sd. USA
84:3439-43. However, mice injected with hybrids of
human variable regions and mouse constant regions
develop a strong antiantibody response directed
against the human variable region, suggesting that the
retention of the entire rodent Fv region in such
chimeric antibodies may still result in unwanted
immunogenicity in patients. [0007] It is generally
believed that complementarity determining region (CDR)
loops of variable domains comprise the binding site of
antibody molecules. Therefore, thegrafting of rodent
CDR loops onto human frameworks (i.e., humanization)
was attempted to further minimize rodent sequences.
Jones et al. (1986) Nature 321 :522; Verhoeyen et al.
(1988) Science 239:1534. However, CDR loop exchanges
still do not uniformly result in an antibody with the
same binding properties as the antibody of origin.
Changes in framework residues (FR), residues involved
in CDR loop support, in humanized antibodies also are
required to preserve antigen binding affinity. Kabat
et al. (1991) J. Immunol. 147:1709. While the use of
CDR grafting and framework residue preservation in a
number of humanized antibody constructs has been
reported, it is difficult to predict if a particular
sequence will result in the antibody with the desired
binding, and sometimes biological, properties. See,
e.g., Queen et al. (1989) Proc. Natl. Acad. Sd. USA
86:10029, Gorman et al. (1991) Proc. Natl. Acad. Sd.
USA 88:4181, and Hodgson (1991) Biotechnology (NY)
9:421-5. Moreover, most prior studies used different
human sequences for animal light and heavy variable
sequences, rendering the predictive nature of such
studies questionable. Sequences of known antibodies
have been used or, more typically, those of antibodies
having known X-ray structures, antibodies NEW and KOL.
See, e.g., Jones et al., supra; Verhoeyen et al.,
supra; and Gorman et al., supra. Exact sequence
information has been reported for a few humanized
constructs. The present invention provides engineered
IL- 23pl9 antibodies and uses thereof to treat
inflammatory, autoimmune, and proliferative disorders.
BRIEF DESCRIPTION OF THE DRAWINGS [0008] Figures IA -
1C show comparisons of mouse anti-human IL-23pl9
antibody clone heavy chain variable domain sequences.
CDRs are indicated, as are CDR consensus sequences,
for clones 7G10, 6H12, 13F11, 13B5, 7E2, 13Gl, HClO,
IElO, 30F11, 34E4, 5B12, 6H4, 9C9, HBlO, 30El, 33D2,
20A9, 22E9, 29D5, 2 1AlO, 33B12, 10H11, 19E9, 10G8,
3D7, 39G2, 35F12, 49A10, 34F9, and 7D7. [0009] Figures
2A - 2C show comparisons of mouse anti-human IL-23pl9
antibody clone light chain variable domain sequences.
CDRs are indicated for clones 7G10, 6Hl 2, 13Fl 1,
13B5, 7E2, 13Gl, HClO, IElO, 30Fl 1, 34E4, 5B12, 6H4,
9C9, HBlO, 33D2, 20A9, 22E9, 29D5, 21Al 0, 33B12, 10H1
1, 19E9, 10G8, 3D7, 39G2, 35F12, 49A10, 34F9, and 7D7.
No light chain variable domain sequence is provided
for clone 30El . Consensussequences are provided for
each of three subfamilies of light chain CDR
sequences, referred to herein as light chain
subfamilies (a), (b) and (c). These sequence
subfamilies are displayed from top to bottom in FIGS.
2A - 2C. SUMMARY OF THE INVENTION [0010] The present
invention is based on the observation that blockade of
IL-23 inhibits inflammation, autoimmunity, and
abnormal proliferation. [0011] The present invention
encompasses a binding compound, such as an antibody or
fragment thereof, including humanized or chimeric
recombinant antibodies, that binds human IL-23pl9,
comprising at least one antibody light chain variable
region, or binding fragment thereof, having at least
one, two or three CDRs selected from the group
consisting of SEQ ID NOs: 81-89. hi one embodiment,
the binding compound of the present invention
comprises a light chain variable domain comprising at
least one CDRLl selected from the group consisting of
SEQ ID NOs: 81-83 and at least one CDRL2 selected from
the group consisting of SEQ ID NOs: 84-86 and at least
one CDRL3 selected from the group consisting of SEQ ID
NOs: 87-89. [0012] hi one embodiment, the binding
compound comprises at least one antibody heavy chain
variable region, or binding fragment thereof, having
at least one, two or three CDRs selected from the
group consisting of SEQ ID NOs: 78-80. [0013] hi some
embodiments, the binding compound comprises a
framework region, wherein the amino acid sequence of
framework region is all or substantially all of a
human immunoglobin amino acid sequence. [0014] hi
another embodiment, the binding compound of the
present invention comprises at least one, two or three
light chain CDRs having the sequence of SEQ ID NOs:
81-89 or optionally a variant thereof hi one
embodiment, the binding compound comprises at least
one, two or three heavy chain CDRs having the sequence
of SEQ ID NOs: 78-80 or optionally a variant thereof,
hi various embodiments the variant comprises up to 1,
2, 3, 4, 5, 6, 7, 8, 9, 10 or more conservatively
modified amino acid residues relative to the sequence
of the respective SEQ ID NOs. Conservative amino acid
substitutions are provided at Table 1. [0015] In other
embodiments, the binding compound comprises at least
one antibody light chain variable region, or binding
fragment thereof, having at least one, two or
threeCDRs selected from the group consisting of SEQ ID
NOs: 69-77. In one embodiment, the binding compound of
the present invention comprises a light chain variable
domain comprising at least one CDRLl selected from the
group consisting of SEQ ID NOs: 69-71 and at least one
CDRL2 selected from the group consisting of SEQ ID
NOs: 72-74 and at least one CDRL3 selected from the
group consisting of SEQ ID NOs: 75-77. hi one
embodiment, the binding compound comprises at least
one antibody heavy chain variable region, or binding
fragment thereof, having at least one, two or three
CDRs selected from the group consisting of SEQ ID NOs:
66-68. [0016] hi other embodiments, the binding
compound of the present invention comprises at least
one, two or three light chain CDRs having the sequence
of SEQ ID NOs: 69-77 or a variant thereof. In another
embodiment, the binding compound of the present
invention comprises a light chain variable domain
comprising at least one CDRLl selected from the group
consisting of SEQ ID NOs: 69-71 or a variant thereof,
and at least one CDRL2 selected from the group
consisting of SEQ ID NOs: 72-74 or a variant thereof,
and at least one CDRL3 selected from the group
consisting of SEQ ID NOs: 75-77 or a variant thereof.
In one embodiment, the binding compound of the present
invention comprises at least one, two or three heavy
chain CDRs having the sequence of SEQ ID NOs: 66-68 or
a variant thereof hi various embodiments the variant
comprises up to 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 or more
conservatively modified amino acid residues relative
to the sequence of the respective SEQ ID NOs. [0017]
hi yet another embodiment, the binding compound of the
present invention comprises at least one, two or three
light chain CDRs selected from the group consisting of
residues 43-53, 69-75 and 108-116 of SEQ ID NOs: 2 and
4, and at least one, two or three heavy chain CDRs
selected from the group consisting of residues 45-54,
69-85 and 118-123 ofSEQ ID NOs: l and 3. [0018] hi one
embodiment, the binding compound comprises an antibody
light chain variable domain having the sequence of the
residues 20-129 of SEQ ID NO: 2 or 4 or a variant
thereof hi one embodiment, the binding compound
comprises an antibody heavy chain variable domain
having the sequence of residues 20-134 of SEQ ID NO: 1
or 3 or a variant thereof hi various embodiments the
variant comprises up to 1, 2, 3, 4, 5, 6, 7, 8, 9, 10,
15, 20, 30, 40 or 50 or more conservatively modified
amino acid residues relative to the sequence of the
respective SEQ ID NOs.[0019] In one embodiment, the
binding compound comprises an antibody light chain
comprising, or consisting essentially of, the sequence
of the mature form (residues 20-233) of SEQ ID NO: 2
or 4. In one embodiment, the binding compound
comprises an antibody heavy chain comprising, or
consisting essentially of, the sequence of the mature
form (residues 20-464) of SEQ ID NO: 1 or 3. [0020] In
one embodiment, the binding compound of the present
invention binds to human IL-23pl9 (SEQ ID NO: 29) at
an epitope comprising residues 82-95, or residues
133-140, or both. In another embodiment the IL-23pl9
binding compound binds to an epitope comprising some
or all of residues E82, G86, S87, D88, T91, G92, E93,
P94, S95, H106, P133, S134, Q135, P136, W137, R139 and
L140, and optionally residues K83, F90 and Ll 10. In
various embodiments the epitope for an antibody of
interest is determined by obtaining an X-ray crystal
structure of an antibody:antigen complex and
determining which residues on IL-23pl9 are within a
specified distance of residues on the antibody of
interest, wherein the specified distance is, e.g., 4A
or 5A. In some embodiments, the epitope is defined as
a stretch of 8 or more contiguous amino acid residues
along the IL-23pl9 sequence in which at least 50%, 70%
or 85% of the residues are within the specified
distance of the antibody. [0021] In other embodiments,
the present invention provides a binding compound that
binds to human IL-23 and has a light chain variable
domain (VL) with at least 95%, 90%. 85%, 80%, 75% or
50% sequence homology with the residues 20-129 of SEQ
ID NO: 2 or 4. In one embodiment, the present
invention provides a binding compound that binds to
human IL-23 and has a heavy chain variable domain (VH)
with at least 95%, 90%. 85%, 80%, 75% or 50% sequence
homology with residues 20-134 of SEQ ID NO: 1 or 3.
[0022] Ih one embodiment, the binding compound
comprises, or consists essentially of, an antibody
having a light chain having the sequence of the mature
form (i.e. residues 20-233) of SEQ ID NO: 2 or 4. In
one embodiment, the binding compound comprises, or
consists essentially of, an antibody having a heavy
chain having the sequence of the mature form (i.e.
residues 20-464) of SEQ ID NO: 1 or 3. 



[0023] In one embodiment, the invention relates to
antibodies that are able to block the binding of a
binding compound of the present invention to human
IL-23 in a crossblocking assay. In another embodiment,
the invention relates to binding compounds thatare
able to block IL-23-mediated activity, such activities
including but not limited to, binding to its receptor
or promoting the proliferation or survival of TH17
cells. [0024] In some embodiments, the binding
compound of the present invention further comprises a
heavy chain constant region, wherein the heavy chain
constant region comprises a g l , g2, g3, or g4 human
heavy chain constant region or a variant thereof. In
various embodiments the light chain constant region
comprises a lambda or a kappa human light chain
constant region. [0025] In various embodiments the
binding compounds of the present invention are
polyclonal, monoclonal, chimeric, humanized or fully
human antibodies or fragments thereof. The present
invention also contemplates that the binding fragment
is an antibody fragment selected from the group
consisting of Fab, Fab', Fab'-SH, Fv, scFv, F(ab') 2,
and a diabody. [0026] The present invention
encompasses a method of suppressing an immune response
in a human subject comprising administering to a
subject in need thereof an antibody (or a binding
fragment thereof) specific for IL-23 in an amount
effective to block the biological activity of IL-23.
In some embodiments, the antibody specific for IL-23
is the humanized or chimeric antibody, hi further
embodiments, the immune response is an inflammatory
response including arthritis, psoriasis, and
inflammatory bowel disease, hi other embodiments, the
immune response is an autoimmune response, including
multiple sclerosis, uveitis, systemic lupus
erythematosus and diabetes, hi another embodiment, the
immune response is to cancer. [0027] The present
invention also contemplates administering an
additional immunosuppressive or anti-inflammatory
agent. The binding compounds of the present invention
can be in a composition comprising the binding
compound, or binding fragment thereof, in combination
with a pharmaceutically acceptable carrier or diluent,
hi a further embodiment, the composition further
comprises an immunosuppressive or antiinflammatory
agent. [0028] The present invention encompasses an
isolated nucleic acid encoding the polypeptide
sequence of an antibody embodiment of the binding
compound of the present invention. The nucleic acid
can be in an expression vector operably linked to
control sequences recognized by a host cell
transfected with the vector. Also encompassed is a
host cell comprising the vector, and a method of
producing a polypeptide comprising culturingthe host
cell under conditions wherein the nucleic acid
sequence is expressed, thereby producing the
polypeptide, and recovering the polypeptide from the
host cell or medium. [0029] hi various embodiments,
the invention relates to medicaments comprising the
binding compounds of the present invention. DETAILED
DESCRIPTION [0030] As used herein, including the
appended claims, the singular forms of words such as
"a," "an," and "the," include their corresponding
plural references unless the context clearly dictates
otherwise. Table 7 below provides a listing of
sequence identifiers used in this application. All
references cited herein are incorporated by reference
to the same extent as if each individual publication,
patent application, or patent, was specifically and
individually indicated to be incorporated by
reference. I. Definitions [0031] "Activation,"
"stimulation," and "treatment," as it applies to cells
or to receptors, may have the same meaning, e.g.,
activation, stimulation, or treatment of a cell or
receptor with a ligand, unless indicated otherwise by
the context or explicitly. "Ligand" encompasses
natural and synthetic ligands, e.g., cytokines,
cytokine variants, analogues, muteins, and binding
compositions derived from antibodies. "Ligand" also
encompasses small molecules, e.g., peptide mimetics of
cytokines and peptide mimetics of antibodies.
"Activation" can refer to cell activation as regulated
by internal mechanisms as well as by external or
environmental factors. "Response," e.g., of a cell,
tissue, organ, or organism, encompasses a change in
biochemical or physiological behavior, e.g.,
concentration, density, adhesion, or migration within
a biological compartment, rate of gene expression, or
state of differentiation, where the change is
correlated with activation, stimulation, or treatment,
or with internal mechanisms such as genetic
programming. [0032] "Activity" of a molecule may
describe or refer to the binding of the molecule to a
ligand or to a receptor, to catalytic activity; to the
ability to stimulate gene expression or cell
signaling, differentiation, or maturation; to
antigenic activity, to the modulation of activities of
other molecules, and the like. "Activity" of a
molecule may also refer toactivity in modulating or
maintaining cell-to-cell interactions, e.g., adhesion,
or activity in maintaining a structure of a cell,
e.g., cell membranes or cytoskeleton. "Activity" can
also mean specific activity, e.g., [catalytic
activity]/[mg protein], or [immunological
activity]/[mg protein], concentration in a biological
compartment, or the like. "Proliferative activity"
encompasses an activity that promotes, that is
necessary for, or that is specifically associated
with, e.g., normal cell division, as well as cancer,
tumors, dysplasia, cell transformation, metastasis,
and angiogenesis. [0033] "Administration" and
"treatment," as it applies to an animal, human,
experimental subject, cell, tissue, organ, or
biological fluid, refers to contact of an exogenous
pharmaceutical, therapeutic, diagnostic agent, or
composition to the animal, human, subject, cell,
tissue, organ, or biological fluid. "Administration"
and "treatment" can refer, e.g., to therapeutic,
pharmacokinetic, diagnostic, research, and
experimental methods. Treatment of a cell encompasses
contact of a reagent to the cell, as well as contact
of a reagent to a fluid, where the fluid is in contact
with the cell. "Administration" and "treatment" also
means in vitro and ex vivo treatments, e.g., of a
cell, by a reagent, diagnostic, binding composition,
or by another cell. "Treatment," as it applies to a
human, veterinary, or research subject, refers to
therapeutic treatment, prophylactic or preventative
measures, to research and diagnostic applications.
"Treatment" as it applies to a human, veterinary, or
research subject, or cell, tissue, or organ,
encompasses contact of an IL-23 agonist or IL-23
antagonist to a human or animal subject, a cell,
tissue, physiological compartment, or physiological
fluid. "Treatment of a cell" also encompasses
situations where the IL-23 agonist or IL-23 antagonist
contacts IL-23 receptor (IL-23R/IL-12Rbetal
heterodimer), e.g., in the fluid phase or colloidal
phase, but also situations where the agonist or
antagonist does not contact the cell or the receptor.
[0034] As used herein, the term "antibody" refers to
any form of antibody or fragment thereof that exhibits
the desired biological activity. Thus, it is used in
the broadest sense and specifically covers monoclonal
antibodies (including full length monoclonal
antibodies), polyclonal antibodies, multispecific
antibodies {e.g., bispecific antibodies), and antibody
fragments so long as they exhibit the desired
biological activity. [0035] As used herein, the term
"IL-23pl 9 binding fragment" or "binding fragment
thereof encompasses a fragment or a derivative of an
antibody that still substantially retain its
biological activity of inhibiting IL-23pl9 activity.
Therefore, the term "antibodyfragment" or IL-23pl9
binding fragment refers to a portion of a full length
antibody, generally the antigen binding or variable
region thereof. Examples of antibody fragments include
Fab, Fab', F(ab')2, and Fv fragments; diabodies;
linear antibodies; single-chain antibody molecules,
e.g., sc-Fv; and multispecif c antibodies formed from
antibody fragments. Typically, a binding fragment or
derivative retains at least 10% of its IL-23pl9
inhibitory activity. Preferably, a binding fragment or
derivative retains at least 25%, 50%, 60%, 70%, 80%,
90%, 95%, 99% or 100% (or more) of its IL-23rl 9
inhibitory activity, although any binding fragment
with sufficient affinity to exert the desired
biological effect will be useful. It is also intended
that a IL-23pl9 binding fragment can include
conservative amino acid substitutions that do not
substantially alter its biologic activity. [0036] The
term "monoclonal antibody", as used herein, refers to
an antibody obtained from a population of
substantially homogeneous antibodies, i.e., the
individual antibodies comprising the population are
identical except for possible naturally occurring
mutations that may be present in minor amounts.
Monoclonal antibodies are highly specific, being
directed against a single antigenic epitope. Ia
contrast, conventional (polyclonal) antibody
preparations typically include a multitude of
antibodies directed against (or specific for)
different epitopes. The modifier "monoclonal"
indicates the character of the antibody as being
obtained from a substantially homogeneous population
of antibodies, and is not to be construed as requiring
production of the antibody by any particular method.
For example, the monoclonal antibodies to be used in
accordance with the present invention may be made by
the hybridoma method first described by Kohler et al.,
(1975) Nature 256: 495, or maybe made by recombinant
DNA methods {see, e.g., U.S. Pat. No. 4,816,567). The
"monoclonal antibodies" may also be isolated from
phage antibody libraries using the techniques
described in Clackson et al., (1991) Nature 352:
624-628 and Marks et al., (1991) J. MoI. Biol. 222:
581-597, for example. [0037] The monoclonal antibodies
herein specifically include "chimeric" antibodies
(immunoglobulins) in which a portion of the heavy
and/or light chain is identical with or homologous to
corresponding sequences in antibodies derived from a
particular species or belonging to a particular
antibody class or subclass, while the remainder of the
chain(s) is identical with or homologous to
corresponding sequences in antibodies derived from
another species or belonging to another antibody class
or subclass, as well as fragments ofsuch antibodies,
so long as they exhibit the desired biological
activity (U.S. Pat. No. 4,816,567; and Morrison et al,
(1984) Proc. Natl. Acad ScL USA 81: 6851-6855). [0038]
A "domain antibody" is an immunologically functional
immunoglobulin fragment containing only the variable
region of a heavy chain or the variable region of a
light chain. In some instances, two or more VHregions
are covalently joined with a peptide linker to create
a bivalent domain antibody. The two VH regions of a
bivalent domain antibody may target the same or
different antigens. [0039] A "bivalent antibody"
comprises two antigen binding sites, hi some
instances, the two binding sites have the same antigen
specificities. However, bivalent antibodies may be
bispecific (see below). [0040] As used herein, the
term "single-chain Fv" or "scFv" antibody refers to
antibody fragments comprising the VH and VL domains of
antibody, wherein these domains are present in a
single polypeptide chain. Generally, the Fv
polypeptide further comprises a polypeptide linker
between the VH and VL domains which enables the sFv to
form the desired structure for antigen binding. For a
review of sFv, see Pluckthun (1994) THE PHARMACOLOGY
OF MONOCLONALANTIBODIES, vol. 113, Rosenburg and Moore
eds. Springer-Verlag, New York, pp. 269-315. [0041]
The monoclonal antibodies herein also include
camelized single domain antibodies. See, e.g.,
Muyldermans et al. (2001) Trends Biochem. Sd. 26:230;
Reichmann et al. (1999) J. Immunol. Methods 231:25; WO
94/04678; WO 94/25591; U.S. Pat. No. 6,005,079, which
are hereby incorporated by reference in their
entireties) hi one embodiment, the present invention
provides single domain antibodies comprising two VH
domains with modifications such that single domain
antibodies are formed. [0042] As used herein, the term
"diabodies" refers to small antibody fragments with
two antigen-binding sites, which fragments comprise a
heavy chain variable domain (VH) connected to a light
chain variable domain (VL) in the same polypeptide
chain (VH-VL or VL-VH) - By using a linker that is too
short to allow pairing between the two domains on the
same chain, the domains are forced to pair with the
complementary domains of another chain and create two
antigen-binding sites. Diabodies are described more
fully in, e.g., EP 404,097; WO 93/11161; and Holliger
et al. (1993) Proc. Natl. Acad. ScL USA 90: 6444-
6448. For a review of engineered antibody variants
generally see Holliger and Hudson (2005) N .
Biotechnol. 23:1126-1136.[0043] As used herein, the
term "humanized antibody" refers to forms of
antibodies that contain sequences from non-human
(e.g., murine) antibodies as well as human antibodies.
Such antibodies contain minimal sequence derived from
non-human immunoglobulin. Ia general, the humanized
antibody will comprise substantially all of at least
one, and typically two, variable domains, in which all
or substantially all of the hypervariable loops
correspond to those of a non-human immunoglobulin and
all or substantially all of the FR regions are those
of a human immunoglobulin sequence. The humanized
antibody optionally also will comprise at least a
portion of an immunoglobulin constant region (Fc),
typically that of a human immunoglobulin. The prefix
"hum" is added to antibody clone designations when
necessary to distinguish humanized antibodies (e.g.
hum6H12) from parental rodent antibodies (e.g. mouse
6H12, or "m6H12"). The humanized forms of rodent
antibodies will generally comprise the same CDR
sequences of the parental rodent antibodies, although
certain amino acid substitutions may be included to
increase affinity or increase stability of the
humanized antibody. [0044] The antibodies of the
present invention also include antibodies with
modified (or blocked) Fc regions to provide altered
effector functions. See, e.g., U.S. Pat. No.
5,624,821; WO2003/086310; WO2005/120571;
WO2006/0057702; Presta (2006) Adv. Drug Delivery Rev.
58:640-656. Such modification can be used to enhance
or suppress various reactions of the immune system,
with possible beneficial effects in diagnosis and
therapy. Alterations of the Fc region include amino
acid changes (substitutions, deletions and
insertions), glycosylation or deglycosylation, and
adding multiple Fc. Changes to the Fc 



can also alter the half-life of antibodies in
therapeutic antibodies, and a longer half-life would
result in less frequent dosing, with the concomitant
increased convenience and decreased use of material.
See Presta (2005) J. Allergy Clin. ImmunoL116:731 at
734-35. [0045] The term "fully human antibody" refers
to an antibody that comprises human immunoglobulin
protein sequences only. A fully human antibody may
contain murine carbohydrate chains if produced in a
mouse, in a mouse cell, or in a hybridoma derived from
a mouse cell. Similarly, "mouse antibody" refers to an
antibody which comprises mouse immunoglobulin
sequences only. [0046] As used herein, the term
"hypervariable region" refers to the amino acid
residues of an antibody that are responsible for
antigen-binding. The hypervariable region comprises
amino acid residues from a "complementarity
determining region" or "CDR" (e.g.residues 24-34
(CDRLl), 50-56 (CDRL2) and 89-97 (CDRL3) in the light
chain variable domain and residues 31-35 (CDRHl) 3
50-65 (CDRH2) and 95-102 (CDRH3) in the heavy chain
variable domain; Kabat et al., (1991) Sequences of
Proteins of Immunological Interest, 5th Ed. Public
Health Service, National Institutes of Health,
Bethesda, Md.) and/or those residues from a
"hypervariable loop" (i.e. residues 26-32 (Ll), 50-52
(L2) and 91-96 (L3) in the light chain variable domain
and 26-32 (Hl), 53-55 (H2) and 96-101 (H3) in the
heavy chain variable domain; Chothia and Lesk, (1987)
J. MoI. Biol. 196: 901-917). As used herein, the term
"framework" or "FR" residues refers to those variable
domain residues other than the hypervariable region
residues defined herein as CDR residues. The residue
numbering above relates to the Kabat numbering system
and does not necessarily correspond in detail to the
sequence numbering in the accompanying Sequence
Listing. See Tables 2 and 3, in which sequence
numbering is with reference to the Sequence Listing.
[0047] "Binding compound" refers to a molecule, small
molecule, macromolecule, polypeptide, antibody or
fragment or analogue thereof, or soluble receptor,
capable of binding to a target. "Binding compound"
also may refer to a complex of molecules, e.g., a
non-covalent complex, to an ionized molecule, and to a
covalently or non-covalently modified molecule, e.g.,
modified by phosphorylation, acylation, cross-linking,
cyclization, or limited cleavage, which is capable of
binding to a target. When used with reference to
antibodies, the term "binding compound" refers to both
antibodies and binding fragments thereof. "Binding"
refers to an association of the binding composition
with a target where the association results in
reduction in the normal Brownian motion of the binding
composition, in cases where the binding composition
can be dissolved or suspended in solution. "Binding
composition" refers to a molecule, e.g. a binding
compound, in combination with a stabilizer, excipient,
salt, buffer, solvent, or additive, capable of binding
to a target. [0048] "Conservatively modified variants"
or "conservative substitution" refers to substitutions
of amino acids are known to those of skill in this art
and may be made generally without altering the
biological activity of the resulting molecule. Those
of skill in this art recognize that, in general,
single amino acid substitutions in non-essential
regions of a polypeptide do not substantially alter
biological activity (see, e.g., Watson, et al.,
Molecular Biology of the Gene, The Benjamin/Cummings
Pub. Co., p. 224 (4th Edition1987)). Such exemplary
substitutions are preferably made in accordance with
those set forth in Table 1 as follows: Table 1 Exem
lar Conservative Amino Acid Substitutions [0049] The
terms "consists essentially of," or variations such as
"consist essentially of or "consisting essentially
of," as used throughout the specification and claims,
indicate the inclusion of any recited elements or
group of elements, and the optional inclusion of other
elements, of similar or different nature than the
recited elements, that do not materially change the
basic or novel properties of the specified dosage
regimen, method, or composition. As a nonlimiting
example, a binding compound that consists essentially
of a recited amino acid sequence may also include one
or more amino acids, includingsubstitutions of one or
more amino acid residues, that do not materially
affect the properties of the binding compound. [0050]
"Effective amount" encompasses an amount sufficient to
ameliorate or prevent a symptom or sign of the medical
condition. Effective amount also means an amount
sufficient to allow or facilitate diagnosis. An
effective amount for a particular patient or
veterinary subject may vary depending on factors such
as the condition being treated, the overall health of
the patient, the method route and dose of
administration and the severity of side affects (see,
e.g., U.S. Pat. No. 5,888,530 issued to Netti, et
al.). An effective amount can be the maximal dose or
dosing protocol that avoids significant side effects
or toxic effects. The effect will result in an
improvement of a diagnostic measure or parameter by at
least 5%, usually by at least 10%, more usually at
least 20%, most usually at least 30%, preferably at
least 40%, more preferably at least 50%, most
preferably at least 60%, ideally at least 70%, more
ideally at least 80%, and most ideally at least 90%,
where 100% is defined as the diagnostic parameter
shown by a normal subject (see, e.g., Maynard, et al.
( 1996) A Handbook of SOPsfor Good Clinical Practice,
Interpharm Press, Boca Raton, FL; Dent (2001)
GoodLaboratory and Good Clinical Practice, Urch Publ.,
London, UK). [0051] "Exogenous" refers to substances
that are produced outside an organism, cell, or human
body, depending on the context. "Endogenous" refers to
substances that are produced within a cell, organism,
or human body, depending on the context. [0052]
"Immune condition" or "immune disorder" encompasses,
e.g., pathological inflammation, an inflammatory
disorder, and an autoimmune disorder or disease.
"Immune condition" also refers to infections,
persistent infections, and proliferative conditions,
such as cancer, tumors, and angiogenesis, including
infections, tumors, and cancers that resist
eradication by the immune system. "Cancerous
condition" includes, e.g., cancer, cancer cells,
tumors, angiogenesis, and precancerous conditions such
as dysplasia. [0053] "Inflammatory disorder" means a
disorder or pathological condition where the pathology
results, in whole or in part, from, e.g., a change in
number, change in rate of migration, or change in
activation, of cells of the immune system. Cells of
the immune system include, e.g., T cells, B cells,
monocytes or macrophages, antigen presenting cells
(APCs), dendritic cells, microglia, NK cells, NKT
cells, neutrophils, eosinophils, mast cells,or any
other cell specifically associated with the
immunology, for example, cytokineproducing endothelial
or epithelial cells. [0054] An "IL-17-producing cell"
means a T cell that is not a classical THl -type T
cell or classical TH2-type T cell, referred to as THI
7 cells. THI 7 cells are discussed in greater detail
at Cua and Kastelein (2006) Nat. Immunol. 7:557-559;
Tato and O'Shea (2006) Nature 441:166-168; Iwakura and
Ishigame (2006) J. Clin. Invest. 116:1218-1222, the
disclosures of which are hereby incorporated by
reference in their entireties. "IL-17- producing cell"
also means a T cell that expresses a gene or
polypeptide of Table 1OB of U.S. Patent Application
Publication No. 2004/0219150 (e.g., mitogen responsive
P-protein; chemokine ligand 2; interleukin-17 (IL-17);
transcription factor RAR related; and/or suppressor of
cytokine signaling 3), the disclosure of which is
hereby incorporated by reference in its entirety,
where expression with treatment by an IL-23 agonist is
greater than treatment with an IL- 12 agonist, where
"greater than" is defined as follows. Expression with
an IL-23 agonist is ordinarily at least 5-fold
greater, typically at least 10-fold greater, more
typically at least 15-fold greater, most typically at
least 20-fold greater, preferably at least 25-fold
greater, and most preferably at least 30-fold greater,
than with IL-12 treatment. Expression can be measured,
e.g., with treatment of a population of substantially
pure IL-17 producing cells. [0055] Moreover,
"IL-17-producing cell" includes a progenitor or
precursor cell that is committed, in a pathway of cell
development or cell differentiation, to
differentiating into an IL-17-producing cell, as
defined above. A progenitor or precursor cell to the
IL-17 producing cell can be found in a draining lymph
node (DLN). Additionally, "IL-17- producing cell"
encompasses an IL-17-producing cell, as defined above,
that has been, e.g., activated, e.g., by a phorbol
ester, ionophore, and/or carcinogen, further
differentiated, stored, frozen, desiccated,
inactivated, partially degraded, e.g., by apoptosis,
proteolysis, or lipid oxidation, or modified, e.g., by
recombinant technology. [0056] As used herein, the
term "isolated nucleic acid molecule" refers to a
nucleic acid molecule that is identified and separated
from at least one contaminant nucleic acid molecule
with which it is ordinarily associated in the natural
source of the antibody nucleic acid. An isolated
nucleic acid molecule is other than in the form or
setting in which it is found in nature. Isolated
nucleic acid molecules therefore are distinguished
from the nucleic acid molecule as it exists in natural
cells. However, an isolated nucleic acid
moleculeincludes a nucleic acid molecule contained in
cells that ordinarily express the antibody where, for
example, the nucleic acid molecule is in a chromosomal
location different from that of natural cells. [0057]
The expression "control sequences" refers to DNA
sequences necessary for the expression of an operably
linked coding sequence in a particular host organism.
The control sequences that are suitable for
prokaryotes, for example, include a promoter,
optionally an operator sequence, and a ribosome
binding site. Eukaryotic cells are known to utilize
promoters, polyadenylation signals, and enhancers.
[0058] A nucleic acid is "operably linked" when it is
placed into a functional relationship with another
nucleic acid sequence. For example, DNA for a
presequence or secretory leader is operably linked to
DNA for a polypeptide if it is expressed as a
preprotein that participates in the secretion of the
polypeptide; a promoter or enhancer is operably linked
to a coding sequence if it affects the transcription
of the sequence; or a ribosome binding site is
operably linked to a coding sequence if it is
positioned so as to facilitate translation. Generally,
"operably linked" means that the DNA sequences being
linked are contiguous, and, in the case of a secretory
leader, contiguous and in reading phase. However,
enhancers do not have to be contiguous. Linking is
accomplished by ligation at convenient restriction
sites. If such sites do not exist, the synthetic
oligonucleotide adaptors or linkers are used in
accordance with conventional practice. [0059] As used
herein, the expressions "cell," "cell line," and "cell
culture" are used interchangeably and all such
designations include progeny. Thus, the words
"transformants" and "transformed cells" include the
primary subject cell and cultures derived therefrom
without regard for the number of transfers. It is also
understood that all progeny may not be precisely
identical in DNA content, due to deliberate or
inadvertent mutations. Mutant progeny that have the
same function or biological activity as screened for
in the originally transformed cell are included. Where
distinct designations are intended, it will be clear
from the context. [0060] As used herein, "polymerase
chain reaction" or "PCR" refers to a procedure or
technique in which minute amounts of a specific piece
of nucleic acid, RNA and/or DNA, are amplified as
described in, e.g., U.S. Pat. No. 4,683,195.
Generally, sequence information from the ends of the
region of interest or beyond needs to be available,
such that oligonucleotide primers can be designed;
these primers will be identical or similar insequence
to opposite strands of the template to be amplified.
The 5' terminal nucleotides of the two primers can
coincide with the ends of the amplified material. PCR
can be used to amplify specific RNA sequences,
specific DNA sequences from total genomic DNA, and
cDNA transcribed from total cellular RNA,
bacteriophage or plasmid sequences, etc. See generally
Mullis et al. (1987) Cold Spring Harbor Symp. Quant.
Biol. 51:263; Erlich, ed., (1989) PCR TECHNOLOGY
(Stockton Press, N.Y.) As used herein, PCR is
considered to be one, but not the only, example of a
nucleic acid polymerase reaction method for amplifying
a nucleic acid test sample comprising the use of a
known nucleic acid as a primer and a nucleic acid
polymerase to amplify or generate a specific piece of
nucleic acid. [0061] As used herein, the term
"germline sequence" refers to a sequence of
unrearranged immunoglobulin DNA sequences. Any
suitable source of unrearranged irnmunoglobulin DNA
may be used. [0062] "Inhibitors" and "antagonists" or
"activators" and "agonists" refer to inhibitory or
activating molecules, respectively, e.g., for the
activation of, e.g., a ligand, receptor, cofactor, a
gene, cell, tissue, or organ. A modulator of, e.g., a
gene, a receptor, a ligand, or a cell, is a molecule
that alters an activity of the gene, receptor, ligand,
or cell, where activity can be activated, inhibited,
or altered in its regulatory properties. The modulator
may act alone, or it may use a cofactor, e.g., a
protein, metal ion, or small molecule. Inhibitors are
compounds that decrease, block, prevent, delay
activation, inactivate, desensitize, or down regulate,
e.g., a gene, protein, ligand, receptor, or cell.
Activators are compounds that increase, activate,
facilitate, enhance activation, sensitize, or up
regulate, e.g., a gene, protein, ligand, receptor, or
cell. An inhibitor may also be defined as a
composition that reduces, blocks, or inactivates a
constitutive activity. An "agonist" is a compound that
interacts with a target to cause or promote an
increase in the activation of the target. An
"antagonist" is a compound that opposes the actions of
an agonist. An antagonist prevents, reduces, inhibits,
or neutralizes the activity of an agonist. An
antagonist can also prevent, inhibit, or reduce
constitutive activity of a target, e.g., a target
receptor, even where there is no identified agonist.
[0063] To examine the extent of inhibition, for
example, samples or assays comprising a given, e.g.,
protein, gene, cell, or organism, are treated with a
potential activating or inhibiting agent and are
compared to control samples without the agent. 



Control samples, i.e., not treated with agent, are
assigned a relative activity value of 100%.Inhibition
is achieved when the activity value relative to the
control is about 90% or less, typically 85% or less,
more typically 80% or less, most typically 75% or
less, generally 70% or less, more generally 65% or
less, most generally 60% or less, typically 55% or
less, usually 50% or less, more usually 45% or less,
most usually 40% or less, preferably 35% or less, more
preferably 30% or less, still more preferably 25% or
less, and most preferably less than 25%. Activation is
achieved when the activity value relative to the
control is about 110%, generally at least 120%, more
generally at least 140%, more generally at least 160%,
often at least 180%, more often at least 2-fold, most
often at least 2.5-fold, usually at least 5- fold,
more usually at least 10-fold, preferably at least
20-fold, more preferably at least 40- fold, and most
preferably over 40-fold higher. [0064] Endpoints in
activation or inhibition can be monitored as follows.
Activation, inhibition, and response to treatment,
e.g., of a cell, physiological fluid, tissue, organ,
and animal or human subject, can be monitored by an
endpoint. The endpoint may comprise a predetermined
quantity or percentage of, e.g., an indicia of
inflammation, oncogenicity, or cell degranulation or
secretion, such as the release of a cytokine, toxic
oxygen, or a protease. The endpoint may comprise,
e.g., a predetermined quantity of ion flux or
transport; cell migration; cell adhesion; cell
proliferation; potential for metastasis; cell
differentiation; and change in phenotype, e.g., change
in expression of gene relating to inflammation,
apoptosis, transformation, cell cycle, or metastasis
(see, e.g., Knight (2000) Ann. CHn. Lab. ScL
30:145-158; Hood and Cheresh (2002) Nature Rev. Cancer
2:91-100; Timme, et a (2003) Curt: Drug Targets
4:251-261; Robbins and Itzkowitz (2002) Med. Clin.
North Am. 86:1467-1495; Grady and Markowitz (2002)
Annu. Rev. Genomics Hum. Genet. 3:101-128; Bauer, et
al. (2001) GHa 36:235-243; Stanimirovic and Satoh
(2000) Brain Pathol. 10:113-126). [0065] An endpoint
of inhibition is generally 75% of the control or less,
preferably 50% of the control or less, more preferably
25% of the control or less, and most preferably 10% of
the control or less. Generally, an endpoint of
activation is at least 150% the control, preferably at
least two times the control, more preferably at least
four times the control, and most preferably at least
10 times the control. [0066] "Ligand" refers, e.g., to
a small molecule, peptide, polypeptide, and membrane
associated or membrane-bound molecule, or complex
thereof, that can act as an agonist or antagonist of a
receptor. "Ligand" also encompasses an agent that is
not anagonist or antagonist, but that can bind to the
receptor. Moreover, "ligand" includes a membrane-bound
ligand that has been changed, e.g., by chemical or
recombinant methods, to a soluble version of the
membrane-bound ligand. By convention, where a ligand
is membrane-bound on a first cell, the receptor
usually occurs on a second cell. The second cell may
have the same or a different identity as the first
cell. A ligand or receptor may be entirely
intracellular, that is, it may reside in the cytosol,
nucleus, or some other intracellular compartment. The
ligand or receptor may change its location, e.g., from
an intracellular compartment to the outer face of the
plasma membrane. The complex of a ligand and receptor
is termed a "ligand receptor complex." Where a ligand
and receptor are involved in a signaling pathway, the
ligand occurs at an upstream position and the receptor
occurs at a downstream position of the signaling
pathway. [0067] "Small molecules" are provided for the
treatment of physiology and disorders of the hair
follicle. "Small molecule" is defined as a molecule
with a molecular weight that is less than 10 kD,
typically less than 2 kD, and preferably less than 1
kD. Small molecules include, but are not limited to,
inorganic molecules, organic molecules, organic
molecules containing an inorganic component, molecules
comprising a radioactive atom, synthetic molecules,
peptide mimetics, and antibody mimetics. As a
therapeutic, a small molecule may be more permeable to
cells, less susceptible to degradation, and less apt
to elicit an immune response than large molecules.
Small molecules, such as peptide mimetics of
antibodies and cytokines, as well as small molecule
toxins are described (see, e.g., Casset, et al. (2003)
Biochem Biophys. Res. Commun. 307:198-205; Muyldermans
(200I) J. Biotechnol. 74:277-302; Li (2000) Nat.
Biotechnol. 18:1251-1256; Apostolopoulos, et al.
(2002) Curr. Med. Chem. 9:411-420; Monfardini, etal.
(2002) Curr. Pharm. Des. 8:2185- 2199; Domingues,
etal. (1999) Nat. Struct. Biol. 6:652-656; Sato and
Sone (2003) Biochem. J. 371:603-608; U.S. Patent No.
6,326,482 issued to Stewart, et al). [0068]
"Specifically" or "selectively" binds, when referring
to a ligand/receptor, antibody/antigen, or other
binding pair, indicates a binding reaction which is
determinative of the presence of the protein in a
heterogeneous population of proteins and other
biologies. Thus, under designated conditions, a
specified ligand binds to a particular receptor and
does not bind in a significant amount to other
proteins present in the sample. [0069] The antibody,
or binding composition derived from the
antigen-binding site of an antibody, of the
contemplated method binds to its antigen with an
affinity that is atleast two fold greater, preferably
at least ten times greater, more preferably at least
20-times greater, and most preferably at least
100-times greater than the affinity with unrelated
antigens. In a preferred embodiment the antibody will
have an affinity that is greater than about 109
liters/mol, as determined, e.g., by Scatchard analysis
(Munsen, et al. (1980) Analyt. Biochem. 107:220-239).
[0070] As used herein, the term "immunomodulatory
agent" refers to natural or synthetic agents that
suppress or modulate an immune response. The immune
response can be a humoral or cellular response.
Immunomodulatory agents encompass immunosuppressive or
anti-inflammatory agents. [0071] "Immunosuppressive
agents," "immunosuppressive drugs," or
"immunosuppressants" as used herein are therapeutics
that are used in immunosuppressive therapy to inhibit
or prevent activity of the immune system. Clinically
they are used to prevent the rejection of transplanted
organs and tissues (e.g. bone marrow, heart, kidney,
liver), and/or in the treatment of autoimmune diseases
or diseases that are most likely of autoimmune origin
(e.g. rheumatoid arthritis, myasthenia gravis,
systemic lupus erythematosus, ulcerative colitis,
multiple sclerosis). Immunosuppressive drugs can be
classified into four groups: glucocorticoids
cytostatics; antibodies (including Biological Response
Modifiers or DMARDs); drugs acting on immunophilins;
other drugs, including known chemotherpeutic agents
used in the treatment of proliferative disorders. For
multiple sclerosis, in particular, the antibodies of
the present invention can be administered in
conjunction with a new class of myelin binding
protein-like therapeutics, known as copaxones. [0072]
"Anti-inflammatory agents" or "anti-inflammatory
drugs", is used to represent both steroidal and
non-steroidal therapeutics. Steroids, also known as
corticosteroids, are drugs that closely resemble
Cortisol, a hormone produced naturally by adrenal
glands. Steroids are used as the main treatment for
certain inflammatory conditions, such as: Systemic
vasculitis (inflammation of blood vessels); and
Myositis (inflammation of muscle). Steroids might also
be used selectively to treat inflammatory conditions
such as: rheumatoid arthritis (chronic inflammatory
arthritis occurring in joints on both sides of the
body); systemic lupus erythematosus (a generalized
disease caused by abnormal immune system function);
Sjogren's syndrome (chronic disorder that causes dry
eyes and a dry mouth).[0073] Non-steroidal
anti-inflammatory drugs, usually abbreviated to
NSAIDs, are drugs with analgesic, antipyretic and
anti-inflammatory effects - they reduce pain, fever
and inflammation. The term "non-steroidal" is used to
distinguish these drugs from steroids, which (amongst
a broad range of other effects) have a similar
eicosanoid-depressing, antiinflammatory action. NSAIDs
are generally indicated for the symptomatic relief of
the following conditions: rheumatoid arthritis;
osteoarthritis; inflammatory arthropathies (e.g.
ankylosing spondylitis, psoriatic arthritis, Reiter's
syndrome); acute gout ; dysmenorrhoea; metastatic bone
pain; headache and migraine; postoperative pain ;
mild-to-moderate pain due to inflammation and tissue
injury; pyrexia; and renal colic. NSAIDs include
salicylates, arlyalknoic acids, 2-arylpropionic acids
(profens), N-arylanthranilic acids (fenamic acids),
oxicams, coxibs, and sulphonanilides. II. General
[0074] The present invention provides engineered
anti-IL-23 antibodies and uses thereof to treat
inflammatory, autoimmune, and proliferative disorders.
[0075] A number of cytokines have a role in the
pathology or repair of neurological disorders. IL-6,
IL- 17, interferon-gamma (IFNgamma), and granulocyte
colony-stimulating factor (GM-CSF) have been
associated with multiple sclerosis (Matusevicius, et
al. (1999) Multiple Sclerosis 5:101-104; Lock, et al
(2002) Nature Med. 8:500-508). IL-I alpha, ILlbeta,
and transforming growth factor-beta 1 (TGF-betal)
plays a role in ALS, Parkinson's disease, and
Alzheimer's disease (Hoozemans, et al. (2001) Exp.
Gerontol. 36:559-570; Griffin and Mrak (2002) J.
Leukocyte Biol. 72:233-238; Ilzecka, et al. (2002)
Cytokine 20:239-243). TNF-alpha, IL-lbeta, IL-6, IL-8,
interferon-gamma (IFNgamma), and IL-1 7 appear to
modulate response to brain ischemia (see, e.g.,
Kostulas, et al. (1999) Stroke 30:2174-2179; Li, et
al. (200I) J. Neuroimmunol. 116:5-14). Vascular
endothelial cell growth factor (VEGF) is associated
with ALS (Cleveland and Rothstein (2001) Nature
2:806-819). [0076] hiflammatory bowel disorders, e.g.,
Crohn's disease, ulcerative colitis, celiac disease,
and irritable bowel syndrome, are mediated by cells of
the immune system and by cytokines. For example,
Crohn's disease is associated with increased IL-12 and
IFNg, while ulcerative colitis is associated with
increased IL-5, IL-13, and transforming growth
factorbeta (TGFbeta). IL- 17 expression may also
increase in Crohn's disease and ulcerativecolitis
(see, e.g., Podolsky (2002) New Engl J. Med.
347:417-429; Bouma and Strober (2003) at. Rev.
Immunol. 3:521-533; Bhan, et al. (1999) Immunol. Rev.
169:195-207; Hanauer (1996) New Engl. J. Med.
334:841-848; Green (2003) The Lancet 362:383-391;
McManus (2003) New Engl. J. Med. 348:2573-2574;
Horwitz and Fisher (2001) New Engl. J. Med.
344:1846-1850; Andoh, et al. (2002) Int. J. MoI. Med.
10:631-634; Nielsen, et al. (2003) Scand. J.
Gastroenterol. 38:180-185; Fujino, et al. (2003) Gut
52:65-70). [0077] Inflammatory diseases of the skin,
joints, CNS, as well as proliferative disorders elicit
similar immune responses, thus IL-23 blockade should
provide inhibition of these immune mediated
inflammatory disorders, without comprising the host
ability to fight systemic infections. Antagonizing
IL-23 should relieve the inflammation associated with
inflammatory bowel disease, Crohn's disease,
Ulcerative Colitis, rheumatoid arthritis, psoriatic
arthritis, psoriasis, and atopic dermatitis. Use of
IL-23 inhibitors will also provide inhibition of
proliferative disorders, e.g., cancer and autoimmune
disorders e.g., multiple sclerosis, type I diabetes,
and SLE. Descriptions of IL-23 in these various
disorders can be found in the following published PCT
applications: WO 04/081 190; WO 04/071517; WO
00/53631; and WO 01/18051, all of which are
incorporated herein by reference. [0078] The pl9
subunit of IL-23 is a member of the 'long chain'
family of hematopoietic cytokines (Oppmann et al.
(2000) supra) and comprises four packed a- helices
termed A, B, C and D, with an up-up-down-down
topology. The 4 helices are connected by 3 polypeptide
loops. The A-B and C-D loops are modeled to be
relatively long as they connect parallel helices. The
short B-C loop connects the antiparallel B and C
helices. The pi 9 subunit of IL-23 is a member of the
IL-6 family of helical cytokines. This family of
cytokines bind to their cognate receptors through
three conserved epitopes (site I, II and III; Bravo
and Heath (2000) EMBO J. 19:2399-241 1). The rl 9
subunit interacts with three cytokine receptor
subunits to form the competent signaling complex. When
expressed in a cell, the p i 9 subunit first form a
complex with the p40 subunit, which it shares with IL-
12. As noted above, the pl9p40 complex is secreted
from the cell as a heterodimeric protein and is called
IL-23 (See, e.g., Oppmann et al., supra). The cellular
receptor complex required to transduce the IL-23
signal consists of two members of the tall signaling
receptor subunits of the IL-6/IL-12 family of
cytokines, the IL-23-specific IL-23R (see, e.g.,
Parham et al. supra) and the IL-12Rbl, that is shared
with IL-12.[0079] Insights into the structural basis
of 'long chain' cytokine/receptor recognition have
shown that although large areas of protein surface are
buried in formation of cytokine- receptor complexes,
the affinity of the interaction is dominated by a few,
often tightly clustered amino acid residues forming an
energetic 'hot spot' in the center of the binding
interface. The identity of the residues that dominate
the binding energy of a large proteinprotein interface
has been termed the 'functional epitope'. The affinity
of the interaction (and hence biological specificity)
is consequently defined by the structural
complementarity of the functional epitopes of ligand
and receptor. Detailed mutagenesis studies have shown
that the most significant residues that make up the
functional epitopes of cytokines and receptors are
hydrophobic contacts involving either non-polar side
chains such as tryptophan, the aliphatic components of
non-polar side chains or the polypeptide backbone. The
non-polar 'core' is surrounded by a halo of polar
residues of lesser importance for binding energy.
Kinetic studies indicate that the primary role of the
functional epitopes is to stabilize protein-protein
interaction by decreasing the dissociation rate of the
complex. It has been suggested that the initial
contact between cytokine and receptor is dominated by
random diffusion or 'rolling' of protein surfaces
producing many unstable contacts. The complex is then
stabilized when the functional epitopes of the
receptor and ligand engage (see, e.g., Bravo and
Heath, supra). III. Generation of IL-23 Specific
Antibodies [0080] Any suitable method for generating
monoclonal antibodies may be used. For 



example, a recipient may be immunized with a linked or
unlinked (e.g. naturally occurring) form of the IL-23
heterodimer, or a fragment thereof. Any suitable
method of immunization can be used. Such methods can
include adjuvants, other immunostimulants, repeated
booster immunizations, and the use of one or more
immunization routes. [0081] Any suitable source of
IL-23 can be used as the immunogen for the generation
of the non-human antibody, specific for the p 19
subunit, of the compositions and methods disclosed
herein. Such forms include, but are not limited whole
protein, including linked and naturally occurring
heterodimers, peptide(s), and epitopes, generated
through recombinant, synthetic, chemical or enzymatic
degradation means known in the art. [0082] Any form of
the antigen can be used to generate the antibody that
is sufficient to generate a biologically active
antibody. Thus, the eliciting antigen may be asingle
epitope, multiple epitopes, or the entire protein
alone or in combination with one or more
immunogenicity enhancing agents known in the art. The
eliciting antigen may be an isolated full-length
protein, a cell surface protein (e.g., immunizing with
cells transfected with at least a portion of the
antigen), or a soluble protein (e.g., immunizing with
only the extracellular domain portion of the protein).
The antigen may be produced in a genetically modified
cell. The DNA encoding the antigen may genomic or
non-genomic (e.g., cDNA) and encodes at least a
portion of the extracellular domain. As used herein,
the term "portion" refers to the minimal number of
amino acids or nucleic acids, as appropriate, to
constitute an immunogenic epitope of the antigen of
interest. Any genetic vectors suitable for
transformation of the cells of interest maybe
employed, including but not limited to adenoviral
vectors, plasmids, and non- viral vectors, such as
cationic lipids. [0083] Any suitable method can be
used to elicit an antibody with the desired biologic
properties to inhibit IL-23. It is desirable to
prepare monoclonal antibodies (mAbs) from various
mammalian hosts, such as mice, rodents, primates,
humans, etc. Description of techniques for preparing
such monoclonal antibodies maybe found in, e.g.,
Stites, et al. (eds.) BASIC AND CLINICAL IMMUNOLOGY
(4th ed.) Lange Medical Publications, Los Altos, CA,
and references cited therein; Harlow and Lane (1988)
ANTIBODIES: A LABORATORY MANUAL CSH Press; Goding
(1986) MONOCLONALANTIBODIES: PRINCIPLES AND PRACTICE
(2d ed.) Academic Press, New York, NY. Thus,
monoclonal antibodies may be obtained by a variety of
techniques familiar to researchers skilled in the art.
Typically, spleen cells from an animal immunized with
a desired antigen are immortalized, commonly by fusion
with a myeloma cell. See Kohler and Milstein (1976)
Eur. J. Immunol. 6:511-519. Alternative methods of
immortalization include transformation with Epstein
Barr Virus, oncogenes, or retroviruses, or other
methods known in the art. See, e.g., Doyle, et al.
(eds. 1994 and periodic supplements) CELL AND TISSUE
CULTURE: LABORATORYPROCEDURES, John Wiley and Sons,
New York, NY. Colonies arising from single
immortalized cells are screened for production of
antibodies of the desired specificity and affinity for
the antigen, and yield of the monoclonal antibodies
produced by such cells may be enhanced by various
techniques, including injection into the peritoneal
cavity of a vertebrate host. Alternatively, one may
isolate DNA sequences which encode a monoclonal
antibody or a binding fragment thereof by screening a
DNA library from human B cells according, e.g., to the
general protocol outlined by Huse, et al. (1989)
Science 246:1275-1281.[0084] Other suitable techniques
involve selection of libraries of antibodies in phage
or similar vectors. See, e.g., Huse et al., Science
246:1275-1281 (1989); and Ward et al., Nature
341:544-546 (1989). The polypeptides and antibodies of
the present invention may be used with or without
modification, including chimeric or humanized
antibodies. Frequently, the polypeptides and
antibodies will be labeled by joining, either
covalently or non-covalently, a substance which
provides for a detectable signal. A wide variety of
labels and conjugation techniques are known and are
reported extensively in both the scientific and patent
literature. Suitable labels include radionuclides,
enzymes, substrates, cofactors, inhibitors,
fluorescent moieties, chemiluminescent moieties,
magnetic particles, and the like. Patents teaching the
use of such labels include U.S. Patent Nos. 3,817,837;
3,850,752; 3,939,350; 3,996,345; 4,277,437; 4,275,149;
and 4,366,241. Also, recombinant immunoglobulins maybe
produced, see Cabilly U.S. Patent No. 4,816,567; and
Queen et al. (1989) Proc. Nat'lAcad. Sd. USA
86:10029-10033; or made in transgenic mice, see Mendez
et al. (1997) Nature Genetics 15:146-156; also see
Abgenix and Medarex technologies. [0085] Antibodies or
binding compositions against predetermined fragments
of IL- 23 can be raised by immunization of animals
with conjugates of the polypeptide, fragments,
peptides, or epitopes with carrier proteins.
Monoclonal antibodies are prepared from cells
secreting the desired antibody. These antibodies can
be screened for binding to normal or defective IL-23.
These monoclonal antibodies will usually bind with at
least a K of about 1 mM, more usually at least about
300 nM, typically at least about 30 nM, preferably at
least about 10 nM, more preferably at least about 3 nM
or better, usually determined by ELISA. Suitable
non-human antibodies may also be identified using the
biologic assays described in Example 5, below. rV.
Humanization of IL-23 Specific Antibodies [0086] Any
suitable non-human antibody can be used as a source
for the hypervariable region. Sources for non-human
antibodies include, but are not limited to, murine,
Lagomorphs (including rabbits), bovine, and primates.
For the most part, humanized antibodies are human
immunoglobulins (recipient antibody) in which
hypervariable region residues of the recipient are
replaced by hypervariable region residues from a
non-human species (donor antibody) such as mouse, rat,
rabbit or nonhuman primatehaving the desired
specificity, affinity, and capacity. In some
instances, Fv framework region (FR) residues of the
human immunoglobulin are replaced by corresponding
nonhuman residues. Furthermore, humanized antibodies
may comprise residues which are not found in the
recipient antibody or in the donor antibody. These
modifications are made to further refine antibody
performance of the desired biological activity. For
further details, see Jones et al. (1986) Nature
321:522-525; Reichmann et al. (1988) Nature 'hh' l-.h'
' -' l ; and Presta (1992) Curr. Op. Struct. Biol.
2:593-596. [0087] Methods for recombinantly
engineering antibodies have been described, e.g., by
Boss et al. (U.S. Pat. No. 4,816,397), Cabilly et al.
(U.S. Pat. No. 4,816,567), Law et al. (European Patent
Application Publication No. 438 310) and Winter
(European Patent Application Publication No. 239400).
[0088] Amino acid sequence variants of humanized
anti-IL-23 antibody are prepared by introducing
appropriate nucleotide changes into the humanized
anti-IL-23 antibody DNA, or by peptide synthesis. Such
variants include, for example, deletions from, and/or
insertions into and/or substitutions of, residues
within the amino acid sequences shown for the
humanized anti-IL-23 F(ab) {e.g. as in SEQ ID NOs: 1
and 2). Any combination of deletion, insertion, and
substitution is made to arrive at the final construct,
provided that the final construct possesses the
desired characteristics. The amino acid changes also
may alter post-translational processes of the
humanized anti-IL-23 antibody, such as changing the
number or position of glycosylation sites. [0089] A
useful method for identification of certain residues
or regions of the humanized anti-IL-23pl9 antibody
polypeptide that are preferred locations for
mutagenesis is called "alanine scanning mutagenesis,"
as described by Cunningham and Wells (1989) Science
244: 1081-1085. Here, a residue or group of target
residues are identified {e.g., charged residues such
as Arg, Asp, His, Lys, and GIu) and replaced by a
neutral or negatively charged amino acid (most
preferably alanine or polyalanine) to affect the
interaction of the amino acids with IL-23 antigen. The
amino acid residues demonstrating functional
sensitivity to the substitutions then are refined by
introducing further or other variants at, or for, the
sites of substitution. Thus, while the site for
introducing an amino acid sequence variation is
predetermined, the nature of the mutation per se need
not be predetermined. For example, to analyze the
performance of a mutation at a given site, Alascanning
or random mutagenesis is conducted at the target codon
or region and the expressed humanized anti-IL-23pl9
antibody variants are screened for the desired
activity. [0090] Amino acid sequence insertions
include amino- and/or carboxyl-terminal fusions
ranging in length from one residue to polypeptides
containing a hundred or more residues, as well as
intrasequence insertions of single or multiple amino
acid residues. Examples of terminal insertions include
humanized anti-IL-23 antibody with an N-terminal
methionyl residue or the antibody fused to an epitope
tag. Other insertional variants of the humanized
anti-IL-23 antibody molecule include the fusion to the
N- or C-terminus of humanized anti-IL-23 antibody of
an enzyme or a polypeptide which increases the serum
half-life of the antibody. [0091] Another type of
variant is an amino acid substitution variant. These
variants have at least one amino acid residue in the
humanized anti-IL-23pl9 antibody molecule removed and
a different residue inserted in its place. The sites
of greatest interest for substitutional mutagenesis
include the hypervariable loops, but FR alterations
are also contemplated. Hypervariable region residues
or FR residues involved in antigen binding are
generally substituted in a relatively conservative
manner. [0092] Another type of amino acid variant of
the antibody alters the original glycosylation pattern
of the antibody. By altering is meant deleting one or
more carbohydrate moieties found in the antibody,
and/or adding one or more glycosylation sites that are
not present in the antibody. Glycosylation of
antibodies is typically either N-linked or O-linked.
N-linked refers to the attachment of the carbohydrate
moiety to the side chain of an asparagine residue. The
tripeptide sequences asparagine-X-serine and
asparagine-Xthreonine, where X is any amino acid
except proline, are the recognition sequences for
enzymatic attachment of the carbohydrate moiety to the
asparagine side chain. Thus, the presence of either of
these tripeptide sequences in a polypeptide creates a
potential glycosylation site. O-linked glycosylation
refers to the attachment of one of the sugars
Naceylgalactosamine, galactose, or xylose to a
hydroxyamino acid, most commonly serine or threonine,
although 5-hydroxyproline or 5-hydroxylysine may also
be used. [0093] Addition of glycosylation sites to the
antibody is conveniently accomplished by altering the
amino acid sequence such that it contains one or more
of the above-described tripeptide sequences (for
N-linked glycosylation sites). The alteration may also
be made bythe addition of, or substitution by, one or
more serine or threonine residues to the sequence of
the original antibody (for O-linked glycosylation
sites). [0094] Yet another type of amino acid variant
is the substitution of residues to provide for greater
chemical stability of the final humanized antibody.
For example, an asparagine (N) residue may be changed
to reduce the potential for formation of isoaspartate
at any NG sequences within a rodent CDR. hi one
embodiment, the asparagine is changed to glutamine
(Q). Isoaspartate formation may debilitate or
completely abrogate binding of an antibody to its
target antigen. Presta (2005) J. Allergy Clin.
Immunol. 116:73 1 at 734. In addition, methionine
residues in rodent CDRs may be changed to reduce the
possibility that the methionine sulfur would oxidize,
which could reduce antigen binding affinity and also
contribute to molecular heterogeneity in the final
antibody preparation. Id. hi one embodiment, the
methionine is changed to alanine (A). Antibodies with
such substitutions are subsequently screened to ensure
that the substitutions do not decrease IL-23pl9
binding affinity to unacceptable levels. [0095]
Nucleic acid molecules encoding amino acid sequence
variants of humanized IL-23 specific antibody are
prepared by a variety of methods known in the art.
These methods include, but are not limited to,
isolation from a natural source (in the case of
naturally occurring amino acid sequence variants) or
preparation by oligonucleotidemediated (or
site-directed) mutagenesis, PCR mutagenesis, and
cassette mutagenesis of an earlier prepared variant or
a non-variant version of humanized anti-IL-23pl9
antibody. [0096] Ordinarily, amino acid sequence
variants of the humanized anti-IL-23 antibody will
have an amino acid sequence having at least 75% amino
acid sequence identity with the original humanized
antibody amino acid sequences of either the heavy or
the light chain more preferably at least 80%, more
preferably at least 85%, more preferably at least 90%,
and most preferably at least 95%. Identity or homology
with respect to this sequence is defined herein as the
percentage of amino acid residues in the candidate
sequence that are identical with the humanized
anti-IL-23 residues, after aligning the sequences and
introducing gaps, if necessary, to achieve the maximum
percent sequence identity, and not considering any
conservative substitutions as part of the sequence
identity. None of N-terminal, C-terminal, or internal
extensions, deletions, or insertions into the antibody
sequence shall be construed as affecting sequence
identity or homology.[0097] The humanized antibody can
be selected from any class of immunoglobulins,
including IgM, IgG, IgD, IgA, and IgE. Preferably, the
antibody is an IgG antibody. Any isotype of IgG can be
used, including IgG1, IgG2, IgG3, and IgG4. Variants
of the IgG isotypes are also contemplated. The
humanized antibody may comprise sequences from more
than one class or isotype. Optimization of the
necessary constant domain sequences to generate the
desired biologic activity is readily achieved by
screening the antibodies in the biological assays
described below. [0098] Likewise, either class of
light chain can be used in the compositions and
methods herein. Specifically, kappa, lambda, or
variants thereof are useful in the present
compositions and methods. [0099] Any suitable portion
of the CDR sequences from the non-human antibody can
be used. The CDR sequences can be mutagenized by
substitution, insertion or deletion 



of at least one residue such that the CDR sequence is
distinct from the human and nonhuman antibody sequence
employed. It is contemplated that such mutations would
be minimal. Typically, at least 75% of the humanized
antibody residues will correspond to those of the
non-human CDR residues, more often 90%, and most
preferably greater than 95%. [00100] Any suitable
portion of the FR sequences from the human antibody
can be used. The FR sequences can be mutagenized by
substitution, insertion or deletion of at least one
residue such that the FR sequence is distinct from the
human and non-human antibody sequence employed. It is
contemplated that such mutations would be minimal.
Typically, at least 75% of the humanized antibody
residues will correspond to those of the human FR
residues, more often 90%, and most preferably greater
than 95%. [00101] CDR and FR residues are determined
according to the standard sequence definition of
Kabat. Kabat et al., Sequences of Proteins of
Immunological Interest, National Institutes of Health,
Bethesda Md. (1987). SEQ ID NOs: 5 - 16 and 3 1 - 48
show the heavy chain variable domain sequences of
various mouse anti-human IL-23pl9 antibodies, and SEQ
ID NOs: 17 - 28 and 49 - 65 depict the light chain
variable domain sequences. SEQ ID NOs: 66 - 68 are
consensus sequences for heavy chain CDRs (CDRHl, CDRH2
and CDRH3), and are comprised of the most common amino
acid residue at each position in the heavy chain CDRs
for the family of antibodies consisting of 7G10, 6H12,
13Fl 1, 13B5, 7E2, 13Gl, 11C10, IElO, 30Fl 1, 34E4,
5B12, 6H4, 9C9, 11B10, 30El, 33D2, 20A9, 22E9,29D5,
21A10 and 33B12. FIGS. 1A-1C provide a sequence lineup
of heavy chains of various antibodies of the present
invention. [00102] As shown in FIGS. 2A-2C, the light
chain CDRs of the antibodies of the present invention
disclosed herein are grouped into three subfamilies,
referred to as (a), (b) and (c). Light chain subfamily
(a) consists of antibodies 7G10, 6H12, 13Fl 1, 13B5,
7E2, 13Gl, 1IClO, 30Fl 1, 34E4, 6H4, 33D2 and 33B12.
Light chain subfamily (b) consists of antibodies IElO,
20A9, 22E9, 29D5, 5B12, 9C9 and 1IBlO. Light chain
subfamily (c) consists of antibodies 10H11, 19E9,
10G8, 39G2, 35F12, 49A10, 34F9 and 7D7. These light
chain subfamilies were used to derive consensus CDR
sequences of CDRLl (a), CDRLl(b) and CDRLl(c) (SEQ ID
NOs: 69 - 71) and corresponding consensus sequences
CDRL2 (SEQ ID NOs: 72 - 74) and CDRL3 (SEQ ID NOs: 75
- 77) for each subfamily. Consensus sequences for
light chain CDRs are comprised of the most common
amino acid residue at each position in the light chain
CDRs for each subfamily of antibodies. [00103] Tables
2 and 3 define various domains of humanized
anti-IL-23pl9 antibodies 6H12, 7G10, 10Hl 1 and 22E9,
as well as and the light and heavy chain variable
domains of several murine antibodies of the present
invention. Residues l-19 ofSEQ ID NOs: 1 - 4 represent
signal sequences for heavy and light strands of
hum6H12 and hum7G10. Light chain constant domains of
hum6H12 and hum7G10 are at residues 130- 233 of SEQ ID
NOs: 2 and 4, respectively. Heavy chain constant
domains of hum6H12 and hum 7G10 are at residues
135-464 of SEQ ID NOs: 1 and 3, respectively, with CHl
at residues 135-242, CH2+hinge at residues 243-357 and
CH3 at residues 358-464. AUother antibodies are
presented as light and heavy chain variable regions
(VL and VH), and thus lack signal sequences and
constant domains. Table 2 Light Chain Sequences and
DomainsTable 3 Heavy Chain Sequences and
DomainsSUBSTITUTED BENZIMIDAZOLES AND METHODS OF
PREPARATION CROSS REFERENCE TO RELATED APPLICATION
This application claims the benefit under 35 U.S.C.
119(e) to provisional applications U.S. Serial No.
60/713,108 filed on August 30, 2005, U.S. Serial No.
60/712,539 filed on August 30, 2005, U.S. Serial No.
60/731,591 filed on October 27, 2005, and U.S. Serial
No. 60/774,684 filed on February 17, 2006, each of
which is incorporated herein by reference in its
entirety. FIELD OF THE INVENTION The present invention
relates to methods for preparing novel substituted
benzimidazole compounds, their tautomers,
stereoisomers, esters, metabolites, prodrugs, or
pharmaceutically acceptable salts thereof for use in
the prophylaxis or treatment of cancer. BACKGROUND OF
THE INVENTION The Raf serine/threonine kinases are
essential components of the Ras/Mitogen- Activated
Protein Kinase (MAPK) signaling module that controls a
complex transcriptional program in response to
external cellular stimuli. Raf genes code for highly
conserved serine-threonine-specific protein kinases
which are known to bind to the ras oncogene. They are
part of a signal transduction pathway believed to
consist of receptor tyrosine kinases, p21 ras, Raf
protein kinases, Mekl (ERK activator or MAPKK) kinases
and ERK (MAPK) kinases, which ultimately phosphorylate
transcription factors. In this pathway Raf kinases are
activated by Ras and phosphorylate and activate two
isoforms of Mitogen- Activated Protein Kinase Kinase
(called Mekl and Mek2), that are dual specificity
threonine/tyrosine kinases. Both Mek isoforms activate
Mitogen Activated Kinases 1 and 2 (MAPK, also called
Extracellular Ligand Regulated Kinase 1 and 2 or Erkl
and Erk2). The MAPKs phosphorylate many substrates
including transcription factors and in so doing set up
their transcriptional program. Raf kinase
participation in the Ras/MAPK pathway influences and
regulates many cellular functions such as
proliferation, differentiation, survival, oncogenic
transformation and apoptosis. Both the essential role
and the position of Raf in many signaling pathways
have been demonstrated from studies using deregulated
and dominant inhibitory Raf mutants inmammalian cells
as well as from studies employing biochemical and
genetic techniques of model organisms. In many cases,
the activation of Raf by receptors that stimulate
cellular tyrosine phosphorylation is dependent on the
activity of Ras, indicating that Ras functions
upstream of Raf. Upon activation, Raf-1 then
phosphorylates and activates Mekl, resulting in the
propagation of the signal to downstream effectors,
such as MAPK (mitogen-activated protein kinase) (Crews
et al. (1993) Cell 74:215). The Raf serine/threonine
kinases are considered to be the primary Ras effectors
involved in the proliferation of animal cells (Avruch
et al. (1994) Trends Biochem. Sci. 19:279). Raf kinase
has three distinct isoforms, Raf-1 (c-Raf), A-Raf, and
B-Raf, distinguished by their ability to interact with
Ras, to activate MAPK kinase pathway, tissue
distribution and sub-cellular localization (Marias et.
al., Biochem. J. 351: 289-305, 2000; Weber et. al.,
Oncogene 19:169-176, 2000; Pritchard et al., MoI Cell
Biol. 15:6430-6442, 1995). Raf kinases are activated
by Ras and phosphorylate and activate two isoforms of
Mitogen-Activated Protein Kinase Kinase (called Mekl
and Mek2), that are dual specificity
threonine/tyrosine kinases. Both Mek isoforms activate
Mitogen Activated Kinases 1 and 2 (MAPK, also called
Extracellular Ligand Regulated Kinase 1 and 2 or Erkl
and Erk2). The MAPKs phosphorylate many substrates
including cytosolic proteins and ETS family of
transcription factors. Raf kinase participation in the
Ras/MAPK pathway influences and regulates many
cellular functions such as proliferation,
differentiation, survival, cell cycle progression and
apoptosis. Activating mutation of one of the Ras genes
can be seen in about 20% of all tumors and the
Raf/MEK/ERK pathway is activated in about 30% of all
tumors (Bos et. al., Cancer Res. 49:4682-4689, 1989;
Hoshino et. al., Oncogene 18:813-822, 1999). Recent
studies have shown that B-Raf mutation in the skin
nevi is a critical step in the initiation of
melanocytic neoplasia (Pollock et. al., Nature
Genetics 25: 1-2, 2002). Furthermore, recent studies
have disclosed that activating mutation in the kinase
domain of B-Raf occurs in about 66% of melanomas, 12%
of colon carcinoma and 14% of liver cancer (Davies et.
al., Nature 417:949-954, 2002) (Yuen et. al., Cancer
Research 62:6451-6455, 2002) (Brose et. al., Cancer
Research 62:6997-7000, 2002). Inhibitors of
Raf/MEK/ERK pathway at the level of Raf kinases can
potentially be effective as therapeutic agents against
tumors with over-expressed or mutated receptortyrosine
kinases, activated intracellular tyrosine kinases,
tumors with aberrantly expressed Grb2 (an adapter
protein that allows stimulation of Ras by the Sos
exchange factor) as well as tumors harboring
activating mutations of Raf itself. In the early
clinical trials an inhibitor of Raf-1 kinase that also
inhibit B-Raf have shown promise as therapeutic agents
in cancer therapy (Crump, Current Pharmaceutical
Design 8:2243-2248, 2002; Sebastien et. al., Current
Pharmaceutical Design 8: 2249-2253, 2002). Disruption
of Raf expression in cell lines through the
application of RNA antisense technology has been shown
to suppress both Ras and Raf-mediated tumorigenicity
(Kolch et al., Nature 349:416-428, 1991; Monia et al.,
Nature Medicine 2(6):668-675, 1996). Several Raf
kinase inhibitors have been described as exhibiting
efficacy in inhibiting tumor cell proliferation in
vitro and/or in vivo assays (see, e.g., U.S. Pat. Nos.
6,391,636, 6,358,932, 6,037,136, 5,717,100, 6,458,813,
6,204,467, and 6,268,391). Other patents and patent
applications suggest the use of Raf kinase inhibitors
for treating leukemia (see, e.g., U.S. Patent Nos.
6,268,391, and 6,204,467, and published U.S. Patent
Application Nos. 20020137774; 20020082192;
20010016194; and 20010006975), or for treating breast
cancer (see, e.g., U.S. Patent Nos. 6,358,932,
5,717,100, 6,458,813, 6,268,391, and 6,204,467, and
published U.S. Patent Application No. 20010014679).
U.S. provisional applications Serial No. 60/713,108
filed on August 30, 2005, Serial No. 60/712,539 filed
on August 30, 2005, Serial No. 60/731,591 filed on
October 27, 2005, and Serial No. 60/774,684 filed on
February 17, 2006, disclose substituted benzimidazole
compounds, their methods of synthesis, and uses. The
compounds described therein are potent kinase
inhibitors and are useful for treating proliferative
diseases mediated by kinases such as Raf kinase.
SUMMARY OF THE INVENTION The present invention
provides improved methods and related intermediates
for preparing substituted benzimidazole compounds,
their tautomers, stereoisomers, esters, metabolites,
prodrugs, or pharmaceutically acceptable salts thereof
having Formula (I):(I) wherein, each R1 is
independently selected from hydroxy, halo, C1-6 alkyl,
C1-6 alkoxy, (C1-6 alkyl)sulfanyl, (C1-6
alkyl)sulfonyl, cycloalkyl, heterocycloalkyl, phenyl,
and heteroaryl; R2 is C1-6 alkyl or ImIo(C1-6 alkyl);
each R3 is independently selected from halo, C1-6
alkyl, and C1-6 alkoxy; each R4 is independently
selected from hydroxy, C1-6 alkyl, C1-6 alkoxy, halo,
heterocycloalkylcarbonyl, carboxyl, (C1-6
alkoxy)carbonyl, aminocarbonyl, C1-6
alkylaminocarbonyl, carbonitrile, cycloalkyl,
heterocycloalkyl, phenyl, and heteroaryl; wherein R1,
R2, R3, and R4 may be optionally substituted with one
or more substituents independently selected from
hydroxy, halo, C1-6 alkyl, halo(C 1-6 alkyl), C1-6
alkoxy, and halo(C 1-6 alkoxy); a is 1, 2, 3, 4, or 5;
b is O, 1, 2, or 3; and c is l or 2. DETAILED
DESCRIPTION OF THE PREFERRED EMBODIMENT In accordance
with one aspect of the present invention, provided is
a method for preparing a compound of Formula (I) or a
tautomer, stereoisomer, ester, metabolite, prodrug, or
pharmaceutically acceptable salt thereof (c) wherein,
each R1 is independently selected from hydroxy, halo,
Ci-6 alkyl, C1-6 alkoxy, (C1-6 alkyl)sulfanyl, (C1-6
alkyl)sulfonyl, cycloalkyl, heterocycloalkyl, phenyl,
and heteroaryl;R2 is Ci-6 alkyl or halo(C1-6 alkyl);
eachR, 3 is independently selected from halo, C1-6
alkyl, and C1-6 alkoxy; each R4 is independently
selected from hydroxy, C1-6 alkyl, C1-6 alkoxy, halo,
heterocycloalkylcarbonyl, carboxyl, (C1-6
alkoxy)carbonyl, aminocarbonyl, Ci-6
alkylaminocarbonyl, carbonitrile, cycloalkyl,
heterocycloalkyl, phenyl, and heteroaryl; wherein R1,
R2, R3, and R4 may be optionally substituted with one
or more substituents independently selected from
hydroxy, halo, Ci-6 alkyl, halo(Ci -6 alkyl), C1-6
alkoxy, and halo(C 1-6 alkoxy); a is 1, 2, 3, 4, or 5;
b is 0, 1, 2, or 3; and c is 1 or 2; the method
comprising: (a) reacting a compound of Formula (II)
with a compound of Formula (III) to provide a compound
of Formula (IV) (H) (HI) (IV) wherein Q is NH2 or NO2;
one of L1 or L2 is halo and the other of L1 or L2 is
OH or an anion thereof; Z is cyano, COOR5, CH2OR5,
CHO, or imidazol-2-yl substituted with one or two R4
groups and wherein R5 is hydrogen or a hydroxy
protecting group; (b) when in the compound of Formula
(IV) Z is COOR5 or CH2OR5, converting said compound to
a compound of Formula (IV) wherein Z is CHO; (c) when
in the compound of Formula (IV) Z is cyano, converting
the cyano functionality to an amidino functionality
and reacting said amidino functionality with a
compound of Formula (Va) under imidazole ring forming
conditions to provide a compound 



of Formula (VI); or when in the compound of Formula
(IV) Z is CHO, reacting said compound with a compound
of Formula (Vb) to provide a compound of Formula
(VI)(Va) (Vb) (VI) wherein Xa in Formula (Va) is a
leaving group and R4p and R4q in Formula (Vb) are
independently H or R4, provided that at least one of
R4p and R4q is R4 and Xb is O or =NHOH and provided
that c is 1when a compound of Formula (VI) is prepared
from a compound of Formula (Va); (d) when in the
compound of Formula (VI) Q is NO , converting said
compound to a compound of Formula (VI) wherein Q is
NH2; (e) reacting the compound of Formula (VI) wherein
Q isNH2 with a compound of Formula (VII) to provide a
compound of Formula (VIII) or a tautomer thereof (VII)
(VIII) (f) reacting the compound of Formula (VIII) or
a tautomer thereof with a desulfurizing agent to
provide a compound of Formula (I); (g) optionally
reacting the compound of Formula (I) or a tautomer
thereof with an acid to give a first pharmaceutically
acceptable salt; (h) optionally converting the first
pharmaceutically acceptable salt of a compound of
Formula (I) or a tautomer thereof to a second
pharmaceutically acceptable salt; and (i) optionally
converting a compound of Formula (I) or a tautomer or
pharmaceutically acceptable salt thereof to a ester,
metabolite, or prodrug of Formula (I). In some
embodiments, part (a) is carried out with organic or
inorganic base in polar solvent. Suitable inorganic
bases include NaOH, KOH, CaCO3, and K2CO3. Suitable
polar solvents include dimethylsulfoxide and
dimethylformamide. In some embodiments, part (b)
comprises reacting a compound of Formula (IV) when Z
is COOR5 with a reducing agent. In some aspects, R5 is
tert-butyl. In other aspects, the reducing agent is
diisobutylaluminum hydride.In some embodiments, the
leaving group Xa in the compound of Formula (Va) is
halogen. In another embodiment, Xa is -SO2R10 where
R10 is C1-6 alkyl or phenyl, wherein C1-6 alkyl or
phenyl are optionally substituted with one to three
halo, C1-6 alkoxy, or C1-6 alkyl groups. In some
aspects, R10 is methyl or trifluoromethyl. In one
embodiment, the compound of Formula (Va) is 3-bromo-
1,1,1- trifluoroacetone (i.e. Xa is Br and R4 is CF3)
. In one embodiment, the amidino functionality of part
(c) is formed by treating the compound of Formula (IV)
wherein Z is cyano with an alkoxide and an ammonium
reagent. In one aspect, the alkoxide is sodium
methoxide. In other aspects, the ammonium reagent is
ammonium acetate. In another aspect, the ammonium
reagent is ammonium benzoate. In one embodiment, the
imidazole ring forming conditions of part (c)
comprises exposing the reaction product formed from
the reaction of the amidino functionality with a
compound of Formula (Va) to an acid. In one aspect,
the acid is an organic acid. Suitable organic acids
include acetic acid, methanesulfonic acid,
camphorsulfonic acid, trifluoromethanesulfonic acid,
and trifluoroacetic acid. In another aspect, the acid
is an inorganic acid such as hydrochloric acid and
sulfuric acid. In one embodiment, the imidazole ring
forming conditions of part (c) comprises heating the
reaction product formed from the reaction of the
amidino functionality with a compound of Formula (Va).
In some aspects, the heating is carried out in an
alcoholic solvent. Suitable alcoholic solvents include
1-propanol. In some embodiments, the heating is
carried out at a temperature of about 80 0C to 100 0C.
In other embodiments the heating is carried out at
about 85 0C. In some embodiments, part (c) when in the
compound of Formula (IV) Z is CHO is carried out with
NH4OH in polar solvent. In some aspects, the polar
solvent is a mixture of ethyl acetate and ethanol. .
In some embodiments, part (d) comprises reacting a
compound of Formula (VI) when Q is NO with a reducing
agent. In some aspects, the reducing agent is sodium
dithionite. In some embodiments, part (e) is carried
out in acetonitrile. In some embodiments, the
desulfurizing agent in part (f) is selected from the
groupconsisting OfFeCl 3, 2-chloro-l-methylpyridinium
iodide, 2-chloro-l,3- dimethylimidazolium chloride,
and POCl3. In another embodiment, provided is a method
for preparing a pharmaceutically acceptable salt of a
compound of Formula (I) or tautomer thereof CO
wherein, each R1 is independently selected from
hydroxy, halo, C1-6 alkyl, C1-6 alkoxy, (C1-6
alkyl)sulfanyl, (C1-6 alkyl)sulfonyl, cycloalkyl,
heterocycloalkyl, phenyl, and heteroaryl; R2 is C1-6
alkyl or halo(C 1-6 alkyl); each R3 is independently
selected from halo, C1-6 alkyl, and C1-6 alkoxy; each
R4 is independently selected from hydroxy, C1-6 alkyl,
C1-6 alkoxy, halo, heterocycloalkylcarbonyl, carboxyl,
(C1 6 alkoxy)carbonyl, aminocarbonyl, C1-6
alkylarninocarbonyl, carbonitrile, cycloalkyl,
heterocycloalkyl, phenyl, and heteroaryl; wherein R1,
R2, R3, and R4 may be optionally substituted with one
or more substituents independently selected from
hydroxy, halo, C1-6 alkyl, 1IaIo(C 1-6 alkyl), C1
alkoxy, and halo(C 1-6 alkoxy); a is 1, 2, 3, 4, or 5;
b is 0, 1, 2, or 3; c is 1 or 2; the method
comprising: (a) reacting a compound of Formula (I) or
a tautomer thereof with an acid to give a first
pharmaceutically acceptable salt; or (b) converting
the first pharmaceutically acceptable salt of a
compound of Formula (I) or a tautomer thereof to a
second pharmaceutically acceptable salt. In one
embodiment, provided is a method for preparing a
compound of Formula (I) or a tautomer, stereoisomer,
ester, metabolite, prodrug, or pharmaceutically
acceptable salt, thereof(D wherein, each R1 is
independently selected from hydroxy, halo, C1-6 alkyl,
C1-6 alkoxy, (C1-6 alkyl)sulfanyl, (C1 6
alkyl)sulfonyl, cycloalkyl, heterocycloalkyl, phenyl,
and heteroaryl; R2 is C1-6 alkyl or halo(C1-6 alkyl);
each R3 is independently selected from halo, C1-6
alkyl, and C1-6 alkoxy; each R4 is independently
selected from hydroxy, C1-6 alkyl, C1-6 alkoxy, halo,
heterocycloalkylcarbonyl, carboxyl, (C1-6
alkoxy)carbonyl, aminocarbonyl, C1-6
alkylaminocarbonyl, carbonitrile, cycloalkyl,
heterocycloalkyl, phenyl, and heteroaryl; wherein R1,
R2, R3, and R4 may be optionally substituted with one
or more substituents independently selected from
hydroxy, halo, C1-6 alkyl, halo(C1-6 alkyl), C1-6
alkoxy, and halo(C1-6 alkoxy); a is 1, 2, 3, 4, or 5;
b is 0, 1, 2, or 3; c is 1 or 2; the method
comprising: reacting a compound of Formula (XIII) with
a compound of Formula (XIV) to provide a compound of
Formula (I) (XIII) (XIV) wherein one of L3 or L4 is
halo and the other of L3 or L4 is OH or an anion
thereof; or reacting a compound of Formula (XV) with a
compound of Formula (Vb) to provide a compound of
Formula (I)(XV) (Vb) wherein R4p and R4q are
independently H or R4, provided that at least one of
R4p and R4q is R4; and Xb is =0 or =NH0H; or reacting
the compound of Formula (VIII) or a tautomer thereof
with a desulfurizing agent to provide a compound of
Formula (I) (VIII) In one embodiment and in
combination with any of the embodiments disclosed
herein, provided is a tautomer of a compound of
Formula (I). In one embodiment and in combination with
any of the embodiments disclosed herein, R is C1-6
alkyl. In some aspects, R is methyl. In one embodiment
and in combination with any of the embodiments
disclosed herein, R3 is C1-6 alkoxy. In some aspects,
R3 is methoxy. In one embodiment and in combination
with any of the embodiments disclosed herein, b is 0.
In some aspects, a is 1 and c is 1. In some
embodiments, R1, R2, R3, and R4 may be optionally
substituted with one to five substituents
independently selected from hydroxy, halo, C1-6 alkyl,
halo(C1-6 alkyl), C1-6 alkoxy, and halo(C1-6 alkoxy).
In some embodiments, R1, R2, R3, and R4 may be
optionally substituted with one to three substituents
independently selected from hydroxy, halo, C1-6 alkyl,
halo(C1-6 alkyl), C1-6 alkoxy, and halo(Ci-6 alkoxy).
In one embodiment and in combination with any of the
embodiments disclosed herein, R1 is independently
selected from the group consisting of halo, C1-6
alkoxy, halo(C1-6alkyl), hydroxy, halo(C1-6 alkoxy),
halo(Ci. 6 alkyl)sulfonyl, heteroaryl, halo(Ci-6
alkyl)sulfanyl, heterocycloalkyl, and (C1-6
alkyl)heterocycloalkyl. In one embodiment and in
combination with any of the embodiments disclosed
herein, a is 1 and R1 is independently selected from
the group consisting of 2-chloro, 2-ethyl,
2-trifluoromethyl, 3-trifluoromethyl,
4-trifluoromethyl, 3-tert-butyl, 4-t r -butyl,
3-ethyl, 4-ethyl, 4-chloro, 4-bromo,
4-trifluoromethoxy, 4-trifluoromethylsulfanyl, 4-
trifluoromethylsulfonyl, and 4-(4-methylpiperazinyl).
In one embodiment and in combination with any of the
embodiments disclosed herein, a is 2 and each R1 is
independently selected from the group consisting of
2-fluoro, 2-chloro, 2-hydroxy, 2-methoxy, 3-methoxy,
5-methoxy, 4-chloro, 4-fluoro, 3- trifluoromethyl,
4-trifluoromethyl, 5-trifluoromethyl, 5-pyridinyl,
5-pyridinyl-3-yl, 5-pyridinyl-4-yl,
3-tetrahydrofuran-3-yl, 3-isopropyl, 5-isopropyl, and
5-t rt-butyl. In one embodiment and in combination
with any of the embodiments disclosed herein, R4 is
selected from the group consisting of C1-6 alkyl,
hydroxy(C 1-6 alkyl), halo(C 1-6 alkyl), halo(C 1-6
alkyl)sulfanyl, (C1-6 alkoxy)carbonyl, (C1-6
alkyl)heterocycloalkyl, carbonitrile, phenyl,
halo(C1-6 alkyl)phenyl, (C1-6
alkyl)heterocycloalkylcarbonyl, and hydroxy(C 1-6
alkylaminocarbonyl). In some such embodiments, c is 1
and R4 is selected from the group consisting of
trifluoromethyl, carbonitrile, phenyl,
trifluoromethylsulfanyl, methoxycarbonyl,
4-ethylpiperazinyl, 4-ethylpiperazinyl-l-carbonyl, or
2-hydroxyethylaminocarbonyl. In other embodiments, R4
is selected from the group consisting of C 6 alkyl,
hydroxy(C 1-6 alkyl), halo(C1-6 alkyl), (C 6
alkyl)heterocycloalkyl, phenyl, and halo(C1-6
alkyl)phenyl. In some such embodiments R4 is selected
from the group consisting of methyl, trifluoromethyl,
and phenyl. In some such aspects, R4 is
trifluoromethyl. In still other embodiments, c is 2
and each R4 is independently selected from the group
consisting of methyl, 3-trifluoromethylphenyl,
4-trifluoromethylphenyl, trifluoromethyl,
ethoxycarbonyl, hydroxymethyl, and phenyl. In one
embodiment and in combination with any of the
embodiments disclosed herein, Formula (I) is selected
from the group consisting
of{l-Methyl-5-[2-(5-trifluoromethyl-lH-imidazol-2-yl)-
pyridin-4-yloxy]-lH-benzoimidazol-
2-yl}-(4-trifluoromethylphenyl)-amine,
(l-Fluoro-S-pyridin-S-yl-phenyO-ll-niethyl-S-P-CS-trif
luoromethyl-lH-iinidazol^-
yl)-pyridin-4-yloxy]-lH-benzoimidazol-2-yl}-amine,
(2-Fluoro-5-pyridin-4-yl-phenyl)-{l-methyl-5-[2-(5-tri
fluoromethyl-lH-imidazol-2-
yl)-pyridin-4-yloxy]-lH-benzoimidazol-2-yl}-amine,
(4-tert-Butyl-phenyl)-{l-methyl-5-[2-(5-trifluoromethy
l-lH-imidazol-2-yl)-pyridin-
4-yloxy]-1H-benzoimidazol-2-yl} -amine,
{l-Methyl-5-[2-(5-trifluoromethyl-lH-imidazol-2-yl)-py
ridin-4-yloxy]-lH-benzoimidazol-
2-yl}-(3-trifluoromethyl-phenyl)-amine,
(3-Ethyl-phenyl)-{1-methyl-5-[2-(5-trifluoromethyl-1H-
imidazol-2-yl)-pyridin-4-yloxy]-
lH-benzoimidazol-2-yl}-amine,
(4-Chloro-phenyl)-{l-methyl-5-[2-(5-trifluorometliyl-l
H-imidazol-2-yl)-pyridin-4-
yloxy]-lH-benzoimidazol-2-yl}-amine,
(4-Ethyl-phenyl)-{1-methyl-5-[2-(5-trifluoromethyl-1H-
imidazol-2-yl)-pyridin-4-yloxy]-
lH-benzoimidazol-2-yl}-amine,
(4-Chloro-3-trifluoromethyl-phenyl)-{l-methyl-5-[2-(5-
trifluoromethyl-lHimidazol-
2-yl)-pyridin-4-yloxy]-lH-benzoimidazol-2-yl}-amine,
(4-Fluoro-3-trifluoromethyl-phenyl)-{l-methyl-5-[2-(5-
trifluoromethyl-lHimidazol-
2-yl)-pyridin-4-yloxy]-1H-benzoimidazol-2-yl}-amine,
{l-Methyl-5-[2-(5-trifluoromethyl-lH-imidazol-2-yl)-py
ridin-4-yloxy]-lH-benzoimidazol-
2-yl}-(4-trifluoromethoxy-phenyl)-amine,
(2-Fluoro-5-trifluoromethyl-phenyl)-(l-methyl-5-{2-[5-
methyl-4-(3-trifluoromethylphenyl)-
1H-imidazol-2-yl]-pyridin-4-yloxy}-1H-benzoimidazol-2-
yl)-amine, 



(2-Fluoro-5-trifluoromethyl-phenyl)-(l-methyl-5-{2-[5-
methyl-4-(4-trifluoromethylphenyl)-
1H-imidazol-2-yl]-pyridin-4-yloxy}-1H-benzoimidazol-2-
yl)-amine,
2-{4-[2-(2-Fluoro-5-trifluoromethyl-phenylamino)-1-met
hyl-1H-benzoimidazol-5-
yloxy]-pyridin-2-yl}-5-trifluoromethyl-lH-imidazole-4-
carboxylic acid ethyl ester,
(2-{4-[2-(2-Fluoro-5-trifluoromethyl-phenylamino)-l-me
thyl-lH-benzoimidazol-5-
yloxy]-pyridin-2-yl}-5-trifluoromethyl-1H-imidazol-4-y
l)-methanol,
2-{4-[l-Methyl-2-(4-trifluoromethyl-phenylamino)-lH-be
nzoimidazol-5-yloxy]-
pyridin-2-yl}-3H-imidazole-4-carbonitrile,(3-tert-Buty
l-phenyl)-{l-methyl-5-[2-(5-phenyl-lH-imidazol-2-yl)-p
yridin-4-yloxy]- 1H-benzoimidazol-2-yl }-amine,
{l-Methyl-5-[2-(5-phenyl-lH-imidazol-2-yl)-pyridin-4-y
loxy]-lH-benzoimidazol-
2-yl}-(4-trifluoromethylsulfanyl-phenyl)-amine,
(3-tert-Butyl-phenyl)-{l-methyl-5-[2-(5-trifluoromethy
l-lH-imidazol-2-yl)-pyridin-
4-yloxy]-1H-benzoimidazol-2-yl} -amine,
[4-Fluoro-3-(tetrahydro-furan-3-yl)-rhenyl]-{l-methyl-
5-[2-(5-trifluoromethyl-lHimidazol-
2-yl)-pyridin-4-yloxy]- 1H-benzoimidazol-2-yl}-amine,
(4-Bromo-phenyl)-{l-methyl-5-[2-(5-trifluoromethyl-lH-
imidazol-2-yl)-pyridin-4- yloxy]-1H-benzoimidazol-2-yl
}-amine, (4-Fluoro-3-isopropyl-phenyl)-
{1-methyl-5-[2-(5-trifluoromethyl- 1H-imidazol-2-
yl)-pyridin-4-yloxy]- 1H-benzoimidazol-2-yl }-amine,
{l-Methyl-5-[2-(5-trifluoromethyl-lH-imidazol-2-yl)-py
ridin-4-yloxy]-lH-benzoimidazol-
2-yl}-(4-trifluoromethylsulfanyl-phenyl)-amine,
(2-Fluoro-5-isopropyl-phenyl)- {1-methyl-5- [2-(5
-trifluoromethyl- 1H-imidazol-2-
yl)-pyridin-4-yloxy]-lH-benzoimidazol-2-yl}-amine,
(2-Fluoro-5-trifluoromethyl-phenyl)-
{1-methyl-5-[2-(5-trifluoromethyl- 1Himidazol-
2-yl)-pyridin-4-yloxy]- 1H-benzoimidazol-2-yl}-amine,
(5-tert-Butyl-2-fluoro-phenyl)-{l-methyl-5-[2-(5-trifl
uoromethyl-lH-imidazol-2-
yl)-pyridin-4-yloxy]-lH-benzoimidazol-2-yl}-amine,
(2-Fluoro-5-trifluoromethyl-phenyl)-{l-methyl-5-[2-(5-
methyl-lH-imidazol-2-yl)- pyridin-4-yloxy]-
1H-benzoimidazol-2-yl} -amine,
(2-Fluoro-5-pyridin-3-yl-phenyl)-{l-methyl-5-[2-(5-tri
fluoromethyl-lH-imidazol-2- yl)-pyridin-4-yloxy]-
1H-benzoimidazol-2-yl }-amine,
2-{4-[2-(2-Fluoro-5-trifluoromethyl-phenylamino)-
1-methyl-1H-benzoimidazol-5-
yloxy]-pyridin-2-yl}-3H-imidazole-4-carbonitrile,
(2-Chloro-4-trifluoromethyl-phenyl)-{l-methyl-5-[2-(5-
trifluoromethyl-lHimidazol- 2-yl)-pyridin-4-yloxy]-
1H-benzoimidazol-2-yl}-amine,
(5-tert-Butyl-2-chloro-phenyl)-{l-methyl-5-[2-(5-trifl
uoromethyl-lH-imidazol-2-
yl)-pyridin-4-yloxy]-lH-benzoimidazol-2-yl}-amine,
(2-Fluoro-5-pyridin-4-yl-phenyl)- {1-methyl-5-
[2-(5-trifluoromethyl- 1H-imidazol-2-
yl)-pyridin-4-yloxy]- 1H-benzoimidazol-2-yl
}-amine,(2-Fluoro-5-trifluoromethyl-phenyl)-{l-methyl-
5-[2-(4-phenyl-5-trifluoromethyl-
1H-imidazol-2-yl)-pyridin-4-yloxy]-
1H-benzoimidazol-2-yl} -amine,
(2-CUoro-5-trifluorome1hyl-plienyl)-{lrmethyl-5-[2-(4-
phenyl-5-trifluoromethyl-
1H-imidazol-2-yl)-pyridin-4-yloxy]-
1H-benzoimidazol-2-yl}-amine,
{l-Methyl-5-[2-(4-phenyl-5-trifluoromethyl-lH-imidazol
-2-yl)-pyridin-4-yloxy]-
1H-benzoimidazol-2-yl}-(3-trifluoromethyl-phenyl)-amin
e,
(3-Ethyl-phenyl)-{l-methyl-5-[2-(4-phenyl-5-trifluorom
ethyl-lH-imidazol-2-yl)-
pyridin-4-yloxy]-lH-benzoimidazol-2-yl}-amine,
(4-tert-Butyl-phenyl)-{1-methyl-5-[2-(4-phenyl-5-trifl
uoromethyl- 1H-imidazol-2-
yl)-pyridin-4-yloxy]-lH-benzoimidazol-2-yl}-amine,
(2-Chloro-5-trifluoromethyl-phenyl)-
{1-methyl-5-[2-(5-trifluoromethyl-1Himidazol-
2-yl)-pyridin-4-yloxy]- lH-benzoimidazol-2-yl} -amine,
(2-Fluoro-5-trifluoromethyl-phenyl)-{l-methyl-5-[2-(5-
methyl-4-phenyl-lHimidazol-
2-yl)-pyridin-4-yloxy]-lH-benzoimidazol-2-yl}-amine,
(2-Chloro-5-trifluoromethyl-rhenyl)-{
1-methyl-5-[2-(5-methyl-4-phenyl- IHimidazol-
2-yl)-pyridin-4-yloxy]- 1H-benzoimidazol-2-yl}-amine,
(4-tert-Butyl-phenyl)-{l-methyl-5-[2-(5-methyl-4-pheny
l-lH-imidazol-2-yl)-
pyridin-4-yloxy]-1H-benzoimidazol-2-yl} -amine,
{l-Methyl-5-[2-(5-methyl-4-phenyl-lH-imidazol-2-yl)-py
ridin-4-yloxy]-lH-benzoimidazol-
2-yl}-(3-trifluoromethyl-phenyl)-amine,
(5-tert-Butyl-2-fluoro-phenyl)-{l-methyl-5-[2-(5-methy
l-4-phenyl-lH-imidazol-2-
yl)-pyridin-4-yloxy]-lH-benzoimidazol-2-yl}-amine,
[4-(4-Methyl-piperazin-l-yl)-phenyl]-{l-methyl-5-[2-(5
-trifluoromethyl-lHimidazol- 2-yl)-pyridin-4-yloxy]-
1H-benzoimidazol-2-yl}-amine,
2-{4-[2-(2-Fluoro-5-trifluoromethyl-phenylamino)-l-met
hyl-lH-benzoimidazol-5-
yloxy]-pyridin-2-yl}-3H-imidazole-4-carboxylic acid
methyl ester,
2-{4-[2-(2-Chloro-5-trifluoromethyl-phenylamino)-l-met
hyl-lH-benzoimidazol-5-
yloxy]-pyridin-2-yl}-5-trifluoromethyl-lH-imidazole-4-
carboxylic acid ethyl ester,
(2-Fluoro-4-trifluoromethyl-phenyl)-
{1-methyl-5-[2-(5-trifluoromethyl- 1Himidazol-
2-yl)-pyridin-4-yloxy]-l H-benzoimidazol-2-yl}-amine,
(2-Chloro-phenyl)-{l-methyl-5-[2-(5-trifluoromethyl-lH
-imidazol-2-yl)-pyridin-4- yloxy]-
1H-benzoimidazol-2-yl
}-amine,(2,5-Dimethoxy-phenyl)-{l-methyl-5-[2-(5-trifl
uoromethyl-lH-iniidazol-2-yl)-
pyridin-4-yloxy]-lH-benzoimidazol-2~yl}-amine,
(3,5-Dimethoxy-phenyl)-
{1-methyl~5-[2-(5-1xifmoromethyl-1H-imidazol-2-yl)-
pyridin-4-yloxy]- 1H-benzoimidazol-2-yl} -amine,
{1-Methyl-5-[2-(5-trifluoromethyl-
1H-imidazol-2-yl)-pyridin-4-yloxy]- 1H-benzoimidazol-
2-yl}-(2-trifluoromethyl-phenyl)-amine,
(2-Ethyl-phenyl)-{l-methyl-5-[2-(5-trifluoromethyl-lH-
imidazol-2-yl)-pyridin-4-yloxy]-
1H-benzoimidazol-2-yl} -amine,
(4-Ethyl-piperazin-l-yl)-(2-{4-[2-(2-fluoro-5-trifluor
omethyl-phenylamino)-lmethyl-
lH-benzoimidazol-5-yloxy]-pyridin-2-yl}-3H-imidazol-4-
yl)-methanone,
2-{4-[2-(2-Fluoro-5-trifluoromethyl-phenylamino)-l-met
hyl-lH-benzoimidazol-5- yloxy]-pyridin-2-yl}
-3H-imidazole-4-carboxylic acid
(2-hydroxy-ethyl)-amide,
{l-Ethyl-5-[2-(5-trifluoromethyl-lH-imidazol-2-yl)-pyr
idin-4-yloxy]-lH-benzoimidazol-
2-yl}-(2-fluoro-5-trifluoromethyl-phenyl)-amine,
(2-Fluoro-5-trifluoromethyl-phenyl)-{6-methoxy-l-methy
l-5-[2-(5-trifluoromethyl-
1H-imidazol-2-yl)-pyridin-4~yloxy]-1H-benzoimidazol-2-
yl} -amine,
{6-Methoxy-1-methyl-5-[2-(5-trifluoromethyl-
1H-imidazol-2-yl)-pyridin-4-yloxy]-
lH-benzoimidazol-2-yl}-(4-trifluoromethyl-phenyl)-amin
e, (4-Ethyl-piperazin- 1-yl)-(2-
{4-[1-methyl-2-(4-trifluoromethyl-phenylamino)-
1Hbenzoimidazol-
5-yloxy]-pyridin-2-yl}-3H-imidazol-4-yl)-methanone,
{l-Ethyl-5-[2-(5-trifluoromethyl-lH-imidazol-2-yl)-pyr
idin-4-yloxy]-lH-benzoimidazol-
2-yl}-(4-trifluoromethyl-phenyl)-amine,
2-{4-[l-Methyl-2-(4-trifluoromethyl-phenylamino)-lH-be
nzoimidazol-5-yloxy]-
pyridin-2-yl}-3H-imidazole-4-carboxylic acid
(2-hydroxy-ethyl)-amide,
2-{1-Methyl-5-[2-(5-trifluoromethyl-
1H-imidazol-2-yl)-pyridin-4-yloxy]- 1H-benzoimidazol-
2-ylamino}-5-trifluoromethyl-phenol, and
3-{l-Methyl-5-[2-(5-trifluoromethyl-lH-imidazol-2-yl)-
pyridin-4-yloxy]-lH-benzoimidazol-
2-ylamino}-6-trifluoromethyl-phenol; or a tautomer,
stereoisomer, ester, metabolite, prodrug, or
pharmaceutically acceptable salt thereof. In one
embodiment, provided is a method for preparing a
compound of Formula (IXa) or its tautomer (IXb) or a
pharmaceutically acceptable salt or metabolite
thereof(IXb) the method comprising: (a) reacting the
compound of Formula (XI) or a tautomer thereof with
4-trifluoromethyphenylisothiocyanate to provide a
compound of Formula (XII) or a tautomer thereof (XI)
(XII) . (b) reacting the compound of Formula (XII) or
a tautomer thereof with a desulfurizing agent to
provide the compound of Formula (IXa) or (IXb); (c)
optionally reacting the compound of Formula (IXa) or
(IXb) with an acid to give a first pharmaceutically
acceptable salt; (d) optionally converting the first
pharmaceutically acceptable salt of a compound of
Formula (IXa) or (IXb) to a second pharmaceutically
acceptable salt; and (e) optionally converting the
compound or pharmaceutically acceptable salt of
Formula (IXa) or (IXb) to a metabolite thereof.In one
embodiment, part (a) is carried out in acetonitrile.
In one embodiment, the desulfurizing agent in part (b)
is selected from the group consisting of FeC-3,
2-chloro-l-methylpyridinium iodide, 2-chloro-l,3-
dimethylimidazolium chloride, and POCl . In one
embodiment, the compound of Formula (XI) is prepared
by (a) reacting 4-methylamino-3-nitrophenol or an
anion thereof with 4-chloropyridine- 2-carboxylic acid
tert-butyl ester to provide
4-(4-methylamino-3-nitrophenoxy)-pyridine-2-
carboxylic acid tert-butyl ester; (b) converting the
4-(4-methylamino-3-nitrophenoxy)-pyridine-2-carboxylic
acid tert-butyl ester to
4-(4-methylamino-3-nitrophenoxy)-pyridine-2-carbaldehy
de; (c) reacting the
4-(4-methylamino-3-nitrophenoxy)-pyridine-2-carbaldehy
de with 3,3,3-trifruoro-2-oxopropanal to provide a
compound of Formula (X) or a tautomer thereof (d)
reacting the compound of Formula (X) or a tautomer
thereof with a reducing agent to provide a compound of
Formula (XI) or tautomer thereof. In some such
aspects, part (a) is carried out in a basic solution.
In some such aspects the basic solution is a
dimethylsulfoxide solution containing K2CO . In some
such aspects, the 4-methylamino-3-nitrophenol in part
(a) is prepared from 4-amino-3-nitrophenol. In some
such aspects, 4-amino-3-nitrophenol is contacted with
formic acid and acetic anhydride to provide a
formamide product, and said formamide product is
contacted with a reducing agent to provide the
4-methylamino-3-nitrophenol. In other aspects, the
reducing agent is sodium borohydride and boron
trifluoride diethyl etherate. In still other aspects,
4-amino-3-nitrophenol is contacted with
trifluoroacetic anhydride to provide an amide product,
said amide product is contacted with dimethylsulfate
under basic conditions to provide the
4-methylamino-3-nitrophenol. In some such aspects, the
4-chloropyridine-2-carboxylic acid tert-butyl ester in
part (a) is prepared from picolinic acid. In some such
aspects, picolinic acid is contacted withthionyl
chloride and sodium hydroxide to provide
4-chloropyridine-2-carbonyl chloride. In still other
such aspects, the 4-chloropyridine-2-carbonyl chloride
is contacted with di- -butyl dicarbonate and pyridine
to provide the 4-chloropyridine-2-carboxylic acid
tert-butyl ester. In some such aspects, the
4-(4-methylamino-3-nitrophenoxy)-pyridine-2-carboxylic
acid tert-butyl ester in part (b) is contacted with a
reducing agent to provide the 4-(4-
methylamino-3-nitrophenoxy)-pyridine-2-carbaldehyde.
In some such aspects, the reducing agent is
diisobutylaluminum hydride. In other aspects, the
4-(4-methylamino-3-
nitrophenoxy)-pyridine-2-carboxylic acid tert-butyl
ester in part (b) is contacted with a reducing agent
to provide
(4-(4-(methylamino)-3-nitrophenoxy)pyridine-2-yl)metha
nol that is then contacted with an oxidizing agent to
provide the 4-(4-methylamino-3-nitrophenoxy)-
pyridine-2-carbaldehyde. In some aspects, the reducing
agent is lithium aluminum hydride or lithium
borohydride. In some aspects, the oxidizing agent is
MnO . In some such aspects, the reaction of
4-(4-methylamino-3-nitrophenoxy)-pyridine-2-
carbaldehyde with 3s3,3-trifluoro-2-oxopropanal is
carried out in polar solvent containing NH4OH. In some
such aspects, the polar solvent is an ethyl acetate
and ethanol mixture. In some aspects, the
3,3,3-trifluoro-2-oxopropanal is prepared by reacting
l,l-dibromo-3,3,3-trifluoroacetone with sodium acetate
in water. In one embodiment, the compound of Formula
(XI) is prepared by (a) reacting
4-methylamino-3-nitrophenol or an anion thereof with
4-chloropyridine- 2-carbonitrile to provide
4-(4-methylamino-3-nitrophenoxy)-pyridine-2-carbonitri
le; (b) converting the cyano functionality of
4-(4-methylamino-3-nitrophenoxy)-
pyridine-2-carbonitrile to an amidino functionality
and reacting said amidino functionality with
3-bromo-l,l,l-trifluoroacetone under imidazole ring
forming conditions to provide a compound of Formula
(X) or a tautomer thereof c ) ; (c) reacting the
compound of Formula (X) or a tautomer thereof with a
reducing agent to provide a compound of Formula (XI)
or tautomer thereof. In some aspects, the amidino
functionality of part (b) is formed by treating
4-(4-methylamino-3-nitrophenoxy)-pyridine-2-carbonitri
le with an alkoxide and an ammonium reagent. In one
aspect, the alkoxide is sodium methoxide. In other
aspects, the ammonium reagent is ammonium acetate. In
another aspect, the ammonium reagent is ammonium
benzoate. In some aspects, the imidazole ring forming
conditions of part (b) comprises exposing the amidino
reaction product to an acid. In one aspect, the acid
is an organic acid. Suitable organic acids include
acetic acid, methanesulfonic acid, camphorsulfonic
acid, 



trifluoromethanesulfonic acid, and trifluoroacetic
acid. In another aspect, the acid is an inorganic acid
such as hydrochloric acid and sulfuric acid. In some
aspects, the imidazole ring forming conditions of part
(b) comprises heating the reaction product formed from
the reaction of the amidino functionality with
3-bromo- 1,1,1-trifluoroacetone. In some aspects, the
heating is carried out in an alcoholic solvent.
Suitable alcoholic solvents include 1-propanol. In
some embodiments, the heating is carried out at a
temperature of about 80 0C to 100 0C. In other
embodiments the heating is carried out at about 85 0C.
In some such aspects, the reducing agent in part (d)
is sodium dithionite Na2S2O4. In one embodiment, the
compound of Formula (XI) is prepared by (a) reacting
4-methylamino-3-nitrophenol or an anion thereof with
4-chloro-2-(5-
(trifluoromethyl)-lH-imidazol-2-yl)pyridine to provide
a compound of Formula (X) or a tautomer thereof c ) ;
and (b) reacting the compound of Formula (X) or a
tautomer thereof with a reducing agent to provide a
compound of Formula (XI) or tautomer thereof. In some
such aspects, the reducing agent in part (b) is sodium
dithionite Na2S O4. In another embodiment, provided is
a method for preparing a compound of Formula (Ia) or a
tautomer, stereoisomer, ester, metabolite, prodrug, or
pharmaceutically acceptable salt thereofwherein, each
R1 is independently selected from the group consisting
of hydroxy, halo, C1-6 alkyl, C1-6 alkoxy, (C1 6
alkyl)sulfanyl, (C1-6 alkyl)sulfonyl, cycloalkyl,
heterocycloalkyl, phenyl, and heteroaryl; R2 is C1-6
alkyl or halo(C 1-6 alkyl); each R3 is independently
selected from the group consisting of halo, C1-6
alkyl, and C1-6 alkoxy; R4 is independently selected
from the group consisting of C1-6 alkyl, cycloalkyl,
heterocycloalkyl, phenyl, and heteroaryl; wherein; a
is 1, 2, 3, 4, or 5; and b is O, 1, 2, or 3; the
method comprising: (a) converting the cyano
functionality of a compound of Formula (XVI) to an
amidino functionality and reacting said amidino
functionality with a compound of Formula (Va) wherein
Xa is a leaving group (XVI) (Va) to provide a compound
of Formula (XVII)( ) ; and (b) dehydrating a compound
of Formula (XVII) to provide a compound of Formula
(Ia); (c) optionally reacting the compound of Formula
(Ia) or a tautomer thereof with an acid to give a
first pharmaceutically acceptable salt; (d) optionally
converting the first pharmaceutically acceptable salt
of a compound of Formula (Ia) or a tautomer thereof to
a second pharmaceutically acceptable salt; and (e)
optionally converting a compound of Formula (Ia) or a
tautomer thereof to a prodrug or metabolite of Formula
(Ia). In one embodiment, the leaving group Xa in the
compound of Formula (Va) is halogen. In another
embodiment, Xa is -SO R10 where R10 is C1-6 alkyl or
phenyl, wherein C1-6 alkyl or phenyl are optionally
substituted with one to three halo, C1-6 alkoxy, or
C1-6 alkyl groups. In some aspects, R10 is methyl or
trifiuoromethyl. In one embodiment, the compound of
Formula (Va) is 3-bromo-l,l,ltrifluoroacetone (i.e. Xa
is Br and R4 is CF3). In one embodiment, the compound
of Formula (XVI) is 4-[l-methyl-2-(4-
(trifluoromethyl)phenylamino)-
1H-benzoimidazol-5-yloxy]-pyridine-2-carbonitrile
(i.e. R1 is 4-CF3, R2 is methyl, and b is 0). In one
embodiment, the amidino functionality of part (a) is
formed from a cyano functionality by treating the
compound of Formula (XVI) with an alkoxide and an
ammonium reagent. In one aspect, the alkoxide is
sodium methoxide. In other aspects, the ammonium
reagent is ammonium acetate. In another aspect, the
ammonium reagent is ammonium benzoate. In one
embodiment, the dehydration of part (b) comprises
exposing a compound of Formula (XVII) to an acid. In
one aspect, the acid is an organic acid. Suitable
organic acids include acetic acid, methanesulfonic
acid, camphorsulfonic acid, trifluoromethanesulfonic
acid, and trifluoroacetic acid. In another aspect, the
acid is aninorganic acid such as hydrochloric acid and
sulfuric acid. In other embodiments, the dehydration
of part (b) comprises heating a compound of Formula
(XVII) to form a compound of Formula (Ia). In some
aspects, the dehydration of part (b) is carried out in
an alcoholic solvent. Suitable alcoholic solvents
include 1- propanol. In some embodiments, the
dehydration is carried out at a temperature of about
80 0C to 100 0C. In other embodiments the dehydration
is carried out at about 85 0C. In another embodiment,
the compound of Formula (XVI) is prepared by (a)
reacting a compound of Formula (XVIII) with a compound
of Formula (XIX) to provide a compound of Formula (XX)
(XVIII) (XIX) (XX) wherein R , R , and b are as
defined herein, Q is NH2 or NO and one of L or L is
halo and the other of L1 or L2 is OH or an anion
thereof; (c) reacting the compound of Formula (XX)
with a compound of Formula (XXI) wherein R1 and a are
as defined herein to provide a compound of Formula
(XXII) (XXI) (XXII) . (d) when in the compound of
Formula (XXII) Q is NO2, converting said compound to a
compound of Formula (XXII) wherein Q is NH2; and (e)
reacting the compound of Formula (XXII) wherein Q
isNH2 with a desulfurizing agent to provide the
compound of Formula (XVI). In one embodiment, part (a)
is carried out with organic or inorganic base in polar
solvent. In some aspects, the inorganic base is
selected from the group consisting of NaOH, KOH, CaCO
, and K2CO3. In other aspects, the polar solvent is
selected from the group consisting of
dimethylsulfoxide and dimethylformamide. In one
embodiment, the compound of Formula (XVIII) is
4-methylamino-3-nitrophenol (i.e. R is methyl, Q
isNO2, b is 0, and L1 is OH). In one embodiment, the
compound of Formula (XIX) is 4-chloro-2-cyano-pyridine
(i.e. L2 is chloro). In one embodiment, the compound
of Formula (XX) is 4-(4-methylamino-3-nitrophenoxy)-
pyridine-2-carbonitrile. In one embodiment, the
compound of Formula (XXI) is
4-trifluoromethylphenylisothiocyanate. In one
embodiment, part (d) comprises reacting a compound of
Formula (XXII) with a reducing agent. In some aspects,
the reducing agent is sodium dithionite. In one
embodiment, part (e) is carried out in acetonitrile.
In one embodiment, the desulfurizing agent in part (e)
is selected from the group consisting OfFeCl 3,
2-chloro-l-methylpyridinium iodide, 2-chloro-l,3-
dimethylimidazolium chloride, and POCl . In other
embodiments, the desulfurizing agent is
2-chloro-l,3-dimethylimidazoliurn chloride. In another
embodiment, provided is a method for preparing a
pharmaceutically acceptable salt of a compound of
Formula (Ia) or tautomer thereof (Ia) wherein, each R1
is independently selected from the group consisting of
hydroxy, halo, C1-6 alkyl, C1-6 alkoxy, (C1-6
alkyl)sulfanyl, (C1-6 alkyl)sulfonyl, cycloalkyl,
heterocycloalkyl, phenyl, and heteroaryl; R2 is C1-6
alkyl or halo(C1-6 alkyl); each R3 is independently
selected from the group consisting of halo, C1-6
alkyl, and C1-6 alkoxy; R4 is independently selected
from the group consisting OfC1 6 alkyl, cycloalkyl,
heterocycloalkyl, phenyl, and heteroaryl;wherein R1,
R2, R3, and R4 may be optionally substituted with one
or more substituents independently selected from the
group consisting of hydroxy, halo, C1-6 alkyl, halo(C
1-6 alkyl), C1-6 alkoxy, and halo(C 1-6 alkoxy); a is
1, 2, 3, 4, or 5; and b is 0, 1, 2, or 3; the method
comprising: (a) reacting a compound of Formula (Ia) or
a tautomer thereof with an acid to give a first
pharmaceutically acceptable salt; or (b) converting
the first pharmaceutically acceptable salt of a
compound of Formula (Ia) or a tautomer thereof to a
second pharmaceutically acceptable salt. In another
embodiment, provided is an intermediate compound
having Formula (XVI) wherein, each R1 is independently
selected from the group consisting of hydroxy, halo,
C1-6 alkyl, C1-6 alkoxy, (C1-6 alkyl)sulfanyl, (C1-6
alkyl)sulfonyl, cycloalkyl, heterocycloalkyl, phenyl,
and heteroaryl; R2 is C1-6 alkyl or halo(C 1-6 alkyl);
each R3 is independently selected from the group
consisting of halo, C1-6 alkyl, and C1-6 alkoxy;
wherein R1, R2, and R3 may be optionally substituted
with one or more substituents independently selected
from the group consisting of hydroxy, halo, C1-6
alkyl, halo(C 1-6 alkyl), C1-6 alkoxy, and 1IaIo(C1-6
alkoxy); a is 1, 2, 3, 4, or 5; and b is O, 1, 2, or
3; provided that the compound is not
4-[2-(4-chloro-phenylamino)-l-methyl-lHbenzoimidazol-
5-yloxy]-pyridine-2-carbonitrile. In one embodiment,
the compound of Formula (XVI) is
4-[l-methyl-2-(4-(Mfluoromethyl)phenylamino)-lH-benzoi
midazol-5-yloxy]-pyridine-2-carbonitrile. In one
embodiment, provided is use of a compound of Formula
(XVI) in the manufacture of a medicament for treating
a disease mediated by Raf kinase. In some aspects, the
disease is cancer. The following terms are employed in
the application herewith. "Raf inhibitor" is used
herein to refer to a compound that exhibits an IC50
with respect to Raf Kinase activity of no more than
about 100 mM and more typically not more than about 50
mM, as measured in the Raf/Mek Filtration Assay
described described in US provisional application
60/712,539. "Alkyl" refers to saturated hydrocarbyl
groups that do not contain heteroatoms and includes
straight chain alkyl groups such as methyl, ethyl,
propyl, butyl, pentyl, hexyl, heptyl, octyl, nonyl,
decyl, undecyl, dodecyl and the like. Alkyl also
includes branched chain isomers of straight chain
alkyl groups, including but not limited to, the
following which are provided by way of example:
-CH(CH3)2, -CH(CH3)(CH2CH3), -CH(CH2CH3)2, -C(CH3)3
-C(CH2CHs)3, -CH2CH(CH3)2, -CH2CH(CH3)(CH2CH3),
-CH2CH(CH2CH3)2, -CH2C(CH3)3, -CH2C(CH2CHs)3, -CH(CH
3)CH(CH S)(CH 2CH3) , -CH2CH2CH(CH3)2, -CH 2CH2CH(CH
3)(CH 2CH3), -CH2CH2CH(CH2CH3)2, -CH 2CH2C(CH S)3,
-CH2CH2C(CH2CH3)3, -CH(CH3)CH2CH(CH3)2, -CH(CH 3)CH(CH
3)CH(CH S)2, -CH(CH 2CH3)CH(CH 3)CH(CH 3)(CH 2CHS),
and others. Thus alkyl groups include primary alkyl
groups, secondary alkyl groups, and tertiary alkyl
groups. The phrase "C1-12 alkyl" refers to alkyl
groups having from one to twelve carbon atoms. The
phrase "C1-6 alkyl" refers to alkyl groups having from
one to six carbon atoms. "Alkenyl" refers to straight
or branched hydrocarbyl groups having from 2 to 6
carbon atoms and preferably 2 to 4 carbon atoms and
having at least 1 and preferably from 1 to 2 sites of
vinyl (>C=C<) unsaturation. Such groups are
exemplified, for example, by vinyl, allyl, and
but-3-en-l-yl. Included within this term are the cis
and trans isomers or mixtures of these isomers.
"Alkoxy" refers to RO- wherein R is an alkyl group.
The phrase "C1-6 alkoxy" as used herein refers to RO-
wherein R is a C1-6 alkyl group. Representative
examples of C1-6 alkoxy groups include methoxy,
ethoxy, -butoxy, and the like."(C1-6 alkoxy)carbonyl"
refers to ester -C(=0)-0R wherein R is C1-6 alkyl.
"Amidino" or "amidino functionality" refers to the
group -C(=NH)NH 2. "Amidine" refers to a compound
containing such a group. "Aminocarbonyl" refers herein
to the group -C(O)-NH 2 . "C1-6 alkylaminocarbonyl"
refers to the group -C(O)-NRR 1where R is C1-6 alkyl
and R' is selected from hydrogen and C1-6 alkyl.
"Carbonyl" refers to the divalent group -C(O)-.
"Carboxyl" refers to-C(=O)-OH. 



"Cyano", "carbonitrile", or "nitrile", or "cyano
functionality" refers to -CN. "Cycloalkyl" refers to a
mono- or polycyclic alkyl substituent. Typical
cycloalkyl groups have from 3 to 8 carbon ring atoms.
Representative cycloalkyl groups include cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, and
cyclooctyl. "Halogen" or "halo" refers to chloro,
bromo, fluoro, and iodo groups. "HaIo(C1-6 alkyl)"
refers to a C 6 alkyl radical substituted with one or
more halogen atoms, preferably one to five halogen
atoms. A more preferred halo(C 1-6 alkyl) group is
trifluoromethyl. "HaIo(C1-6 alkyl)phenyl" refers to a
phenyl group substituted with a halo(C 1-6 alkyl)
group. "HaIo(C1-6 alkoxy)" refers to an alkoxy radical
substituted with one or more halogen atoms, preferably
one to five halogen atoms. A more preferred halo(C 1-6
alkoxy) group is trifluoromethoxy. "HaIo(C1-6
alkyl)sulfonyl" and "halo(C 1-6 alkyl)sulfanyl" refer
to substitution of sulfonyl and sulfanyl groups with
halo(C 1-6 alkyl) groups wherein sulfonyl and sulfanyl
are as defined herein (e.g. -Sq 2~haloalkyl or
-S-haloalkyl). "Heteroaryl" refers to an aromatic
group having from 1 to 4 heteroatoms as ring atoms in
an aromatic ring with the remainder of the ring atoms
being carbon atoms. Suitable heteroatoms employed in
compounds of the present invention are nitrogen,
oxygen, and sulfur, wherein the nitrogen and sulfur
atoms may be optionally oxidized. Exemplaryheteroaryl
groups have 5 to 14 ring atoms and include, for
example, benzimidazolyl, benzothiazolyl, benzoxazolyl,
diazapinyl, furanyl, pyrazinyl, pyrazolyl, pyridyl,
pyridazinyl, pyrimidinyl, pyrroyl, oxazolyl,
isoxazolyl, imidazolyl, indolyl, indazolyl,
quinolinyl, isoquinolinyl, quinazolinyl, quinoxalinyl,
thiazolyl, thienyl, and triazolyl. "Heterocycloalkyl"
refers herein to cycloalkyl substituents that have
from 1 to 5 and more typically from 1 to 2 heteroatoms
in the ring structure. Suitable heteroatoms employed
in compounds of the present invention are nitrogen,
oxygen, and sulfur, wherein the nitrogen and sulfur
atoms may be optionally oxidized. Representative
heterocycloalkyl moieties include, for example,
morpholino, piperazinyl, piperidinyl, and the like.
"(C1-6 alkyl)heterocycloalkyl" refers to a
heterocycloalkyl group substituted with a C1-6 alkyl
group. "Heterocycloalkylcarbonyl" refers herein to the
group -C(O)-R 10 where R10 is heterocycloalkyl. "(C1-6
alkyl)heterocycloalkylcarbonyl" refers to the group
-C(O)-R 11 where R11 is (C1-6 alkyl)heterocycloalkyl.
"Hydroxy" refers to -OH. "Hydroxy(C 1-6 alkyl)" refers
to a C1-6 alkyl group substituted with hydroxy.
"Hydroxy(C 1-6 alkylaminocarbonyl)" refers to a C1-6
alkylaminocarbonyl group substituted with hydroxy.
"Imidate" or "imidate ester" refers to the group
-C(=NH)O- or to a compound containing such a group.
Imidate esters include, for example, the methyl ester
imidate -C(=NH)0CH 3. "Nitro" refers to -NO 2.
"Sulfonyl" refers herein to the group -SO 2- .
"Sulfanyl" refers herein to the group -S-.
"Alkylsulfonyl" refers to a substituted sulfonyl of
the structure -SO2R12 in which R12 is alkyl.
"Alkylsulfanyl" refers to a substituted sulfanyl of
the structure -SR12 in which R12 is alkyl.
Alkylsulfonyl and alkylsulfanyl groups employed in
compounds of the present invention include (C1-6
alkyl)sulfonyl and (C1-6 alkyl)sulfanyl. Thus, typical
groups include, for example,methylsulfonyl and
methylsulfanyl (i.e., where R12 is methyl),
ethylsulfonyl and ethylsulfanyl (i.e., where R12 is
ethyl), propylsulfonyl and propylsulfanyl (i.e., where
R12 is propyl), and the like. "Hydroxy protecting
group" refers to protecting groups for an OH group.
The term as used herein also refers to protection of
the OH group of an acid COOH. Suitable hydroxy
protecting groups as well as suitable conditions for
protecting and deprotecting particular functional
groups are well known in the art. For example,
numerous such protecting groups are described in T.W.
Greene and P. G.M. Wuts, Protecting Groups in Organic
Synthesis, Third Edition, Wiley, New York, 1999. Such
hydroxy protecting groups include C1- alkyl ethers,
benzyl ethers, p-methoxybenzyl ethers, silyl ethers,
esters, carbonates, and the like. "Metabolite" refers
to any derivative produced in a subject after
administration of a parent compound. The derivatives
may be produced from the parent compound by various
biochemical transformations in the subject such as,
for example, oxidation, reduction, hydrolysis, or
conjugation and include, for example, oxides and
demethylated derivatives. Metabolites corresponding to
such derivatives may also be produced by in vitro
methods or through synthetic methods. In some
embodiments, the metabolite of a compound of Formula
(I) or (Ia) is an oxide. In some aspects, the oxide is
an N-oxide that is formed synthetically by treating a
compound of Formula (I) or (Ia) with an oxidizing
agent. In some aspects the oxidizing agent is
N-methylmorpholine N-oxide or a hydroperoxide such as
hydrogen peroxide. In some embodiments, a compound of
Formula (I) or (Ia) is conjugated to glucuronic acid
to form a metabolite. In another aspect, provided is a
metabolite, tautomer, or stereiosomer thereof having
the structure: "Optionally substituted" or
"substituted" refers to the replacement of one or
morehydrogen atoms with a monovalent or divalent
radical. When the substituted substituent includes a
straight chain group, the substitution can occur
either within the chain (e.g., 2-hydroxypropyl,
2-aminobutyl, and the like) or at the chain terminus
(e.g., 2-hydroxyethyl, 3-cyanopropyl, and the like).
Substituted substitutents can be straight chain,
branched or cyclic arrangements of covalently bonded
carbon or heteroatoms. It is understood that the above
definitions are not intended to include impermissible
substitution patterns (e.g., methyl substituted with
five fluoro groups or a halogen atom substituted with
another halogen atom). Such impermissible substitution
patterns are well known to the skilled artisan. It
will also be apparent to those skilled in the art that
the compounds of the invention, including the
compounds of Formula (I) and (Ia) or their
stereoisomers, esters, prodrugs, or pharmaceutically
acceptable salts may be subject to tautomerization and
may therefore exist in various tautomeric forms
wherein a proton of one atom of a molecule shifts to
another atom and the chemical bonds between the atoms
of the molecules are consequently rearranged. See,
e.g., March, Advanced Organic Chemistry: Reactions,
Mechanisms and Structures, Fourth Edition, John Wiley
& Sons, pages 69-74 (1992). As used herein, the term
"tautomer" refers to the compounds produced by the
proton shift, and it should be understood that all
tautomeric forms, insofar as they may exist, are
included within the invention. For example, the
tautomers of a compound of Formula (I) where, for
illustrative purposes only, R2 is methyl and c is 1 is
shown below: These tautomers may also be depicted in
the following manner:The compounds of the invention,
including the compounds of Formulas (I), (Ia), (II) or
(III) or their tautomers, stereoisomers, esters,
metabolites, prodrugs, or pharmaceutically acceptable
salts thereof, may comprise asymmetrically substituted
carbon atoms. Such asymmetrically substituted carbon
atoms can result in the compounds of the invention
existing in enantiomers, diastereomers, and other
stereoisomeric forms that may be defined, in terms of
absolute stereochemistry, such as in (R)- or (S)-
forms. As a result, all such possible isomers,
individual stereoisomers in their optically pure
forms, mixtures thereof, racemic mixtures (or
"racemates"), mixtures of diastereomers, as well as
single diastereomers of the compounds of the invention
are included in the present invention. The terms "S"
and "R" configuration, as used herein, are as defined
by the IUPAC 1974 RECOMMENDATIONSFOR SECTION E,
FUNDAMENTALSTEREOCHEMISTRY,Pure Appl Chem. 45: 13-30
(1976). The terms a and b are employed for ring
positions of cyclic compounds. The a-side of the
reference plane is that side on which the preferred
substituent lies at the lower numbered position. Those
substituents lying on the opposite side of the
reference plane are assigned b descriptor. It should
be noted that this usage differs from that for cyclic
stereoparents, in which "a" means "below the plane"
and denotes absolute configuration. The terms a and b
configuration, as used herein, are as defined by the
CHEMICAL ABSTRACTS INDEX GUIDE-APPENDIX IV (1987)
paragraph 203. As used herein, the term
"pharmaceutically acceptable salts" refers to the
nontoxic acid or alkaline earth metal salts of the
compound, tautomer, stereoiosmer, ester, metabolite,
or prodrug of Formulas (I) or (Ia). These salts can be
prepared in situ during the final isolation and
purification of the compounds of Formulas (I) or (Ia)
or by separately reacting the base or acid functions
with a suitable organic or inorganic acid or base,
respectively. Representative salts include but are not
limited to the following: acetate, adipate, alginate,
citrate, aspartate, benzoate, benzenesulfonate,
bisulfate, butyrate, camphorate, camphorsulfonate,
digluconate, cyclopentanepropionate, dodecylsulfate,
ethanesulfonate, glucoheptanoate, glycerophosphate,
hemisulfate, heptanoate, hexanoate, fumarate,
hydrochloride, hydrobromide, hydroiodide,
2-hydroxyethanesulfonate, lactate, maleate,
methanesulfonate, nicotinate, 2-napthalenesulfonate,
oxalate, pamoate, pectinate, persulfate,
3-phenylproionate, picrate, pivalate, propionate,
succinate, sulfate, tartrate, thiocyanate,
p-toluenesulfonate and undecanoate. Also, the basic
nitrogen-containing groups can be quaternized with
such agents as C1-6 alkyl halides, such as methyl,
ethyl, propyl, and butylchloride, bromides, and
iodides; dialkyl sulfates like dimethyl, diethyl,
dibutyl, and diamyl sulfates, long chain halides such
as decyl, lauryl, myristyl and stearyl chlorides,
bromides and iodides, phenyl alkyl halides like benzyl
and phenethyl bromides, and others. Water or
oil-soluble or dispersible products are thereby
obtained. Examples of acids which may be employed to
form pharmaceutically acceptable acid addition salts
include such inorganic acids as hydrochloric acid,
sulfuric acid and phosphoric acid and such organic
acids as oxalic acid, maleic acid, methanesulfonic
acid, succinic acid and citric acid. Basic addition
salts can be prepared in situ during the final
isolation and purification of the compounds of Formula
(I) or (Ia), or separately by reacting carboxylic acid
moieties with a suitable base such as the hydroxide,
carbonate or bicarbonate of a pharmaceutically
acceptable metal cation or with ammonia, or an organic
primary, secondary or tertiary amine. Pharmaceutically
acceptable salts include, but are not limited to,
cations based on the alkali and alkaline earth metals,
such as sodium, lithium, potassium, calcium,
magnesium, aluminum salts and the like, as well as
nontoxic ammonium, quaternary ammonium, and amine
cations, including, but not limited to ammonium,
tetramethylammonium, tetraethylammonium, methylamine,
dimethylamine, trimethylamine, triethylamine,
ethylamine, and the like. Other representative organic
amines useful for the formation of base addition salts
include diethylamine, ethylenediamine, ethanolamine,
diethanolamine, piperazine and the like. Salts and
formulations of the compounds of the invention are
also disclosed in provisional applications titled
"Formulations For Benzimidazole Pyridyl Ethers" (US
serial number 60/832715; attorney docket number
PP028237.0001) filed on 2 1 July 2006 and "Salts of
Benzimidazolyl Pyridyl Ethers and Formulations Thereof
(attorney docket number PP028258.0001) filed on 30
August 2006 each of which is herein incorporated by
reference in its entirety. As used herein, the term
"pharmaceutically acceptable ester" refers to esters,
which hydrolyze in vivo and include those that break
down readily in the human body to leave the parent
compound or a salt thereof. Suitable ester groups
include, for example, those derived from
pharmaceutically acceptable aliphatic carboxylic
acids, particularly alkanoic, alkenoic, cycloalkanoic
and alkanedioic acids, in which each alkyl or alkenyl
moiety advantageously has not more than 6 carbon
atoms. Examples of particular esters include formates,
acetates,propionates, butyrates, acrylates and
ethylsuccinates. The term "pharmaceutically acceptable
prodrugs" as used herein refers to those prodrugs of
the compounds of the present invention which are,
within the scope of sound medical judgment, suitable
for use in contact with the tissues of humans and
lower animals without undue toxicity, irritation,
allergic response, and the like, commensurate with a
reasonable benefit/risk ratio, and effective for their
intended use, as well as the zwitterionic forms, where
possible, of the compounds of the invention. The term
"prodrug" refers to compounds that are rapidly
transformed in vivo to yield the parent compound of
the above formula, for example by hydrolysis in blood.
A thorough discussion is provided in T. Higuchi and V.
Stella, Pro-drugs as Novel Delivery Systems, Vol. 14
of the A.C.S. Symposium Series, and in Edward B.
Roche, ed., Bioreversible Carriers in Drug Design,
American Pharmaceutical Association and Pergamon
Press, 1987, both of which are incorporated herein by
reference. It will be apparent to those skilled in the
art that the compounds of the invention, including the
compounds of Formula (I) or (Ia) or the tautomers,
stereoisomers, esters, prodrugs, or pharmaceutically
acceptable salts thereof, may be processed in vivo
through metabolism in the body to produce
pharmacologically active metabolites that retain
activity as inhibitors of the enzyme Raf kinase. The
active metabolites of a compound of the invention may
be identified using routine techniques known in the
art. See, e.g., Bertolini, G. et al., J Med. Chem.
40:201 1-2016 (1997); Shan, D. et al, J Pharm. ScL
86(7):765-767; Bagshawe K., Drug Dev. Res. 34:220-230
(1995); Bodor, N., Advances in Drug Res. 



13:224-331 (1984); Bundgaard, H., Design of Prodrugs
(Elsevier Press 1985); and Larsen, I. K., Design and
Application of Prodrugs, Drug Design and Development
(Krogsgaard- Larsen et al., eds., Harwood Academic
Publishers, 1991). It should be understood that the
all active metabolites of a compound of the invention
are included within the invention. The term "cancer"
refers to cancer diseases that can be beneficially
treated by the inhibition of a kinase, particularly
Raf kinase, including, for example, solid cancers,
such as carcinomas (e.g., of the lungs, pancreas,
thyroid, ovarian, bladder, breast, prostate, or
colon), melanomas, myeloid disorders (e.g., myeloid
leukemia, multiple myeloma, and erythroleukemia),
adenomas (e.g., villous colon adenoma) and sarcomas
(e.g. osteosarcoma).The present invention relates to
the processes for preparing the compounds of the
invention and to the synthetic intermediates useful in
such processes, as described in detail below. Scheme 1
illustrates construction of the central biaryl ether
moiety of the compounds of the invention. Compound 1.1
is reacted with compound 1.2 wherein one of L1 or L2
is halo and the other of L1 or L2 is OH to form ether
1.3. The coupling may be carried out in an organic
solvent such as acetonitrile or dimethylsulfoxide in
the presence of a base and may also be conducted at
elevated or refluxing temperatures. Suitable bases
include K2CO3, CaCO3, KOH, NaOH, or KF-Al2O3 (Journal
of Organic Chemistry, Vol. 63, No. 18, 1998 pgs.
6338-6343). The group Q in compound 1.1 may be NH2 or
an amino precursor such as NO2 or a protected amino
group that can later be converted to the amine by
respectively reducing or deprotecting the amino
precursors. The Z group in compound 1.2 may be an
imidazolyl group substituted with one or two R4 groups
or a functional group that can be used to form such an
imidazoyl group. Suitable functional groups include an
aldehyde, or any aldehyde precursor such as an ester
or carbonitrile that can later be converted to the
aldehyde. The ester and carbonitrile groups may be
reduced to the aldehyde with a reducing agent such as
diisobutylaluminum hydride. Z may also be -CH2OR5,
where R5 is a hydroxy protecting group. The aldehyde
may be unmasked at a later stage by deprotection of
the R5 group and oxidation of the resulting alcohol to
the aldehyde. The conversion of the aldehyde to a
substituted imidazoyl group is shown in Scheme 3.
Other methods for forming the substituted imidazoyl
group is shown in Scheme 6. SCHEME 1 1.1 1-2 1.3
Scheme 2 shows an example of a synthesis of certain
biaryl ethers. It is understood that for illustrative
purposes, Scheme 2 employs the following.substitution
patterns: Q is NO2, L1 is OH, L2 is Cl, and Z is a
t-butyl ester. An example of the synthesis of aldehyde
2.7 wherein R2 is methyl and b is Ois shown in Example
1. Amine 2.1 may be converted toalkyl amine 2.2 via a
number of known methods. In one aspect, amine 2.1 is
treated with acetic anhydride and formic acid to form
the corresponding formamide that may be reduced to
alkyl amine 2.2. Suitable reducing agents include
NaBH4 in the presence of BF3(OCH2CH3)2. Alternatively,
alkyl amine 2.2 may be synthesized by reacting amine
2.1 with trifluoroacetic anhydride, alkylating the
corresponding amide with an alkylating agent such as
an alkyl halide, and removing the trifluoroacetamide
protecting group by treatment with base such as NaOH.
Chloride 2.5 may be prepared by treating picolinic
acid 2.3 with excess thionyl chloride to form acid
chloride 2.4 that is then exposed to di-t-butyl
dicarbonate and pyridine to give chloride 2.5.
Coupling of the alcohol of the alkyl amine 2.2 with
chloride 2.5 under basic conditions gives ether 2.6
than can be converted directly to aldehyde 2.7 by
reduction with diisobutylaluminum hydride or in two
steps by reduction of ester 2.6 to the alcohol
followed by oxidation to the aldehyde. SCHEME 2 2.1
2.2 2.7 2.6 Scheme 3 illustrates the formation of the
imidazole ring. Aldehyde 2.7 can be reacted with
compound 3.1 wherein Xb is =0 or =NH0H and R4p and R4q
are independentlyH or R4, wherein R4 is as previously
defined, provided that at least one of R4p and R4q is
R4. The reaction may be carried out in a polar solvent
such as an ethyl acetate/ethanol mixture and in the
presence OfNH4OH to provide compound 3.2. The nitro
group of compound 3.2 can be reduced to amine 3.3 by
treatment with a reducing agent such as sodium
dithionite (Na2S2O4). SCHEME 3 3.3 Schemes 4
illustrates formation of the benzimidazole ring.
Diamine 3.3 is reacted with thioisocyanate 4.1 to
provide thiourea 4.2. Treatment of 4.2 with a
desulfurizing agent gives a compound of Formula (I).
The term "desulfurizing agent" refers to agents
suitable for effecting ring closure such as FeCl3,
2-chloro-l-methylpyridinium iodide (Mukaiyama
reagent), 2-chloro-l,3-dimethylimidazolium chloride,
POCl3, or an alkyl halide such as methyl iodide.
Modified Mukaiyama reagents may also be used (Journal
of Organic Chemistry, Vol. 70, No. 7, 2005 pgs.
2835-2838). SCHEME 4 4.1 4.2 Compounds of the
invention may alternatively be synthesized by
modifying the sequence of the coupling reactions.
Scheme 5 illustrates coupling of 5.1 with 5.2 to
formthe ether linkage and the coupling of 5.3 with 3.1
to form the imidazole ring as the penultimate step to
forming the fully coupled pentacyclic core. For
intermediates 5.1 and 5.2, one of L3 or L4 is halo and
the other of L3 or L4 is OH. These intermediates may
be prepared as shown in the previous schemes by
employing suitable starting materials and/or
protecting groups in the proper reaction sequences.
Such factors are within the skill in the art. Aldehyde
5.3, for example, may be prepared by reduction of the
corresponding carbonitrile, the synthesis of which is
shown in Example 71, with diisobutylaluminum hydride.
Reaction of aldehyde 5.3 according to Scheme 3 above
with ketone 3.1 affords compounds of Formula (I).
SCHEME 5 5.3 It will be appreciated that the imidazole
intermediates used in the coupling reactions can be
prepared using other synthetic routes. One such method
is shown in Scheme 6. Compound 1.3, where Z is cyano,
is converted to a compound where Z is an amidino
group. This transformation can be effected by reacting
1.3 with an alkoxide, such as methoxide, to convert
the carbonitrile to an imidate ester that is next
reacted with an ammonium reagent such as ammonium
acetate or ammonium benzoate to form the amidine.
Reaction of the amidine with compound (Va), wherein Xa
is a leaving group, provides the alkylated and
cyclized compound 6.2 or a tautomer thereof. Heating
compound 6.2 leads to the elimation of water
(dehydration) and the formation of intermediate 6.3.
Other dehydration conditions include treatment of 6.2
with organic acids such as acetic acid,
methanesulfonic acid,camphorsulfonic acid,
trifluoromethanesulfonic acid, and trifluoroacetic
acid, as well as with inorganic acids such as
hydrochloric acid and sulfuric acid. The four
reactions -formation of imidate ester, formation of
amidine, alkylation/cyclization, and dehydrationare
typically performed in a one pot sequence. SCHEME 6
The compounds of the invention are useful in vitro or
in vivo in inhibiting the growth of cancer cells. The
compounds may be used alone or in compositions
together with a pharmaceutically acceptable carrier or
excipient. Suitable pharmaceutically acceptable
carriers or excipients include, for example,
processing agents and drug delivery modifiers and
enhancers, such as, for example, calcium phosphate,
magnesium stearate, talc, monosaccharides,
disaccharides, starch, gelatin, cellulose, methyl
cellulose, sodium carboxymethyl cellulose, dextrose,
hydroxypropyl-b-cyclodextrin, polyvinylpyrrolidinone,
low melting waxes, ion exchange resins, and the like,
as well as combinations of any two or more thereof.
Other suitable pharmaceutically acceptable excipients
are described in "Remington's Pharmaceutical
Sciences," Mack Pub. Co., New Jersey (1991),
incorporated herein by reference. While the compounds
of the invention can be administered as the sole
active pharmaceutical agent, they can also be used in
combination with one or more other agents used in the
treatment of cancer. The compounds of the present
invention are also useful in combination with known
therapeutic agents and anti-cancer agents, and
combinations of the presently disclosed compounds with
other anti-cancer or chemotherapeutic agents are
within the scope of the invention. Examples of such
agents can be found in Cancer Principles and Practice
of Oncology, V. T. Devita and S. Hellman (editors),
6th edition(Feb. 15, 2001), Lippincott Williams &
Wilkins Publishers. A person of ordinary skill in the
art would be able to discern which combinations of
agents would be useful based on the particular
characteristics of the drugs and the cancer involved.
Such anti-cancer agents include, but are not limited
to, the following: estrogen receptor modulators,
androgen receptor modulators, retinoid receptor
modulators, cytotoxic/cytostatic agents,
antiproliferative agents, prenyl-protein transferase
inhibitors, HMG-CoA reductase inhibitors and other
angiogenesis inhibitors, inhibitors of cell
proliferation and survival signaling, apoptosis
inducing agents and agents that interfere with cell
cycle checkpoints. The compounds of the invention are
also useful when co-administered with radiation
therapy. The present invention will be understood more
readily by reference to the following examples, which
are provided by way of illustration and are not
intended to be limiting of the present invention. In
the Examples below as well as throughout the
application, the following abbreviations have the
following meanings. If not defined, the terms have
their generally accepted meanings. APCI Atmospheric
pressure chemical ionization mass spectroscopy cm
Centimeter 0C Degrees Celcius DIPEA
Diisopropylethylamine DMC
2-Chloro-l,3-dimethylimidazolinium chloride DMSO
Dimethylsulfoxide EtOAc Ethyl Acetate EtOH Ethanol g
Grams h Hour HPLC High Performance Liquid
Chromatography IPA Isopropyl alcohol L Liter LCAP
Liquid Chromatography Area Percent MeCN Acetonitrile
mL Milliliters NaOMe Sodium Methoxide 1-PrOH
1-Proranol TEA Triethylamine TFAA Trifluoroacetic
anhydride THF Tetrahydrofuran Example 1Preparation of
{l-Methyl-5-[2-(5-trifluoromethyl-lH-imidazol-2-yl)-py
ridin-4-yloxy]-lHbenzoimidazol-
2-yl}-(4-trifluoromethyl-phenyl)-amine Step l 1a 1b 1c
A 500 mL three-neck flask was fitted with a mechanical
stirrer and charged with K CO3 (4.15 g, 30 mmol). The
vessel was sealed, evacuated, and flame dried. The
apparatus was allowed to cool to room temperature and
purged with argon. To the reaction flask was added
4-amino-3-nitrophenol I a (3.08g, 20 mmol), ter -butyl
4-chloropyridine-2- carboxylate I b (5.2 g, 24 mmol)
and dry DMSO (dimethylsulfoxide 30 mL). The resulting
mixture was stirred vigorously and heated to 100 0C
for 14 h. The reaction was poured over iced phosphate
buffer (pH = 7) and the reaction flask was rinsed well
with MTBE (methyl tert-butyl ether) and water. The
combined biphasic mixture was filtered through Celite
(>2 cm pad). The layers were partitioned and separated
and the aqueous phase was extracted with MTBE (3 X 100
mL). The combined organic layers were washed with
water (5 X 100 mL), dried (MgSO4), and evaporated. The
crude residue was adsorbed onto SiO , and purified by
flash chromatography (4:1, 2:1, 1:1 hexanes-EtOAc
(ethyl acetate)) to furnish 4.92 g (14.9 mmol, 74%
yield) of I c as a yellow brown solid. 1H NMR (300
MHz, CDCl3) d 8.58 (d, J =5.8 Hz, 1 H), 7.90 (d, J
=2.8 Hz, 1 H), 7.56 (d, J =2.5 Hz, 1 H), 7.17 (dd, J
=2.8, 8.8 Hz, 1 H), 6.94 (dd, J = 2.8, 5.8, Hz, 1 H),
6.91 (d, J =9.1 Hz, 1 H), 6.15 (br s, 2 H), 1.62 (s, 9
H); 13CNMR (75 MHz, CDCl3) d 165.8, 164.0, 151.8,
151.5, 143.4, 143.2, 131.5, 129.8, 121.0, 118.0,
114.2, 113.1, 83.0, 28.4; mp 163-166 0C.Step 2 1c 1d
To a solution of the nitroaniline I c (5.62 g, 17
mmol) in CH2Cl2 (85 mL) at 0 0C was added TFAA
(trifluoroacetic anhydride 2.4 mL, 3.6 g, 17 mmol).
The cooling bath was 



then removed and the reaction maintained at room
temperature for 2 h. The reaction was cooled to 0 0C
and TBACl (tetrabutylammonium chloride, 2.5 g, 8.5
mmol), Me2SO4 (dimethylsulfate 3.2 mL, 4.3 g 34 mmol),
and 10% NaOH (34 mL) were added. The resulting mixture
was stirred vigorously for 4 h at room temperature.
The reaction was diluted with water and the resulting
layers were partitioned and separated. The aqueous
phase was extracted with CH Cl2 (3 X 100 mL), and the
combined organic layers were washed with brine (2 X
100 mL), dried (MgSO4), and evaporated. The crude
residue was adsorbed onto silica gel and purified by
flash chromatography (4:1, 2:1, 1:1, 1:2
hexanes/EtOAc) to give 4.5 g (13.0 mmol, 76%) of I d
as a yellow-orange solid. 1H NMR (300 MHz, CDCl3) d
8.54 (d, J = 5.5 Hz, IH), 8.04 (br d, J = A.I Hz, 1
H), 7.93 (d, J = 2.8 Hz, 1 H), 7.53 (d, J = 2.5 Hz, 1
H), 7.25 (app dd, J = 2.8, 9.1 Hz, 1 H), 6.91 (m, 2
H), 3.04 (d, J = 4.9 Hz, 3 H), 1.59 (s, 9 H); 13C NMR
(75 MHz, CDCl3) d 165.9, 164.1, 151.5, 144.7, 142.1,
130.4, 118.8, 115.5, 114.1, 112.9, 82.9, 30.4, 28.5;
mp 187-189 0C. Step 3 1d 1 e A flame-dried 500 mL
three necked round bottom flask purged with N2 was
charged with LAH (lithium aluminum hydride, 3.0 g, 75
mmol) and dry THF (240 mL). The resulting suspension
was cooled to 0 C and t-butyl ester I d (20.7 g, 60
mmol) was slowly added while keeping the internal
reaction temperature under 5 C. The reaction mixture
was stirred at 0 0C for 2 h followed by stirring at
room temperature overnight. NaBH4 (2.27 g, 60 mmol)
was added and the reaction mixture was stirred for an
additional hour at room temperature. The reaction
mixture was then treated with successive dropwise
addition of water (3 mL), 15% NaOH (3 mL), and water
(9 mL). The resulting mixture was filtered. through
Celite, and the remaining solids were washed with
EtOAc and methanol. The combined organic portions were
evaporated and the resulting crude residue was
adsorbed onto SiO2 and purified by flash
chromatography (97 : 3 CH2Cl2-MeOH) to afford 7.63 g
(27.7 mmol, 46%) of a red-orange solid as Ie. 1H NMR
(300 MHz, CDCl3) d 8.40 (d, J = 5.5 Hz, 1 H), 8.05 (br
s, IH), 7.96 (d, J = 2.75 Hz, 1 H), 7.29 (d, J = 2.75
Hz, 1 H), 6.92 (d, J = 9.35 Hz, 1 H), 6.75 (m, 2 H),
4.68 (s, 2 H) 3.07 (d, J = 5.23 Hz, 3 H). 1e 1f A 100
mL round bottom flask was charged with benzyl alcohol
I e (1.38 g, 5.0 mmol), MnO2 (6.52 g, 75 mmol) and
CHCI3 (20 mL). The resulting suspension was stirred at
room temperature for 2 days. The reaction mixture was
filtered through Celite, and the remaining solids were
washed successively with CHCl3 and EtOH. The combined
organic portions were evaporated, adsorbed onto silica
gel, and purified by flash chromatography (98: 2
CH2Cl2MeOH) to give 790 mg (2.89 mmol, 58%) of an
orange solid as If. 1H NMR (300 MHz, CDCl3) d 10.01
(s, 1 H), 8.64 (d, J = 5.5 Hz, 1 H), 8.09 (br s, 1 H),
7.96 (d, J = 2.75 Hz, 1 H), 7.37 (d, J = 2.48 Hz, 1
H), 7.29 (d, J =2.75 Hz, 1 H), 7.08 (dd, J = 2.47, 5.5
Hz, 1 H), 6.94 (d, J = 9.35 Hz, 1 H), 3.08 (d, J =
5.23 Hz, 3 H). Imidazole ring formation (Baldwin, J.
J.; Engelhardt, E. L.; Hirschmann, R; Lundell, G. F.;
Ponticello, G. S. J. Med. Chem 1979, 22, 687):
Compound I g (Lancaster (Windham, NH), 25.75 mL, 136.5
mmol) was added to a solution of NaOAc (sodium
acetate, 22.4 g, 273 mmol) in H2O (60 mL) and the
resulting solution heated to 100 C for 40 min. After
cooling to room temperature, the solution of I h was
added to a suspension of I f (25 g, 9 1mmol) in NH4OH
(150 mL) and methanol (450 mL). The resulting mixture
was stirred at room temperature overnight. TLC (thin
layer chromatography, 95:5 CH2Cl ZMeOH) showed
complete consumption of If. The crude product was
concentrated into an aqueous slurry, and partitioned
with saturated Na CO3 and CH2Cl . The aqueous phase
was extracted three times with CH2Cl2, and the
combined organics washed with brine, then dried
(MgSO4), and concentrated to give 31.6 g of I i (83
mmol) as an orange solid (91 % yield). Step 6 A slurry
of nitroaniline I i (45.76 g, 120 mmol) in MeOH (220
mL) and EtOAc (200 mL) was sparged with N for 20 min,
and then charged with a suspension of 10 % Pd/C (12.77
g, 120 mmol) in MeOH (60 mL). The reaction was purged
with H2 and maintained under a H2 atmosphere for 2
days. The reaction was filtered through a pad of
Celite and the collected solids were washed
successively with MeOH and EtOAc. The combined organic
filtrates were evaporated, the resulting solid was
azeotroped with CH2Cl2 and then dried overnight under
vacuum to give 40.17 g (115 mmol) of I j as a tan
powder (96% yield). LCMS m/z 336.1 (MH+) = 1.81 min.
Step 7 4-Trifluoromethylphenyl isothiocyanate (23.37
g, 115 mmol) was added to a stirring solution of
diamine I j (40.17 g, 115 mmol) in MeOH (460 mL) at
room temperature. The reaction was maintained at room
temperature for 16 h. After the reaction was judged
complete, a solution OfFeCl 3 (20.52g, 126.5 mmol) in
MeOH (50 mL) was added to the reaction and the
resulting mixture was stirred at room temperature
overnight. The crude reaction mixture was added to a 3
L separatory funnel containing EtOAc (750 mL) and
water (750 mL). The layers were separated, and the
aqueous phase was extractedwith EtOAc (aqueous phase
saved). The organic layers were combined, washed with
saturated aqueous Na CO solution, water, and brine,
then dried (MgSO4), and concentrated. The saved
aqueous phase was made basic (pH = 10) by addition of
saturated aqueous Na2CO solution and the resulting
slurry was added to a 3 L separatory runnel containing
EtOAc (500 mL). The mixture was agitated and the
resulting emulsion was filtered through filter paper,
and the layers were then separated and the aqueous
phase was extracted with EtOAc (2 x 500 mL). The
organic layers were combined, washed with brine, then
dried (MgSO4), added to previously extracted material
and concentrated. The combined product was triturated
with CH2Cl2 (500 mL), adsorbed onto SiO2 and purified
by flash chromatography. A final trituration of
material with CH2Cl2 produced {l-methyl-5-
[2-(5-trifluoromethyl-lH-imidazol-2-yl)-pyridin-4-ylox
y]-lH-benzoimidazol-2-yl}-(4-trifluoromethyl-
phenyl)-amine as a pure, white solid. LCMS (liquid
chromatography mass spectroscopy) m/z 519.1 (MH+); 1H
NMR (300 MHz, CDCl3) d 8.44 (d, J = 5.5 Hz, 1 H), 7.75
(d, J = 8.8 Hz, 2H), 7.61 (dd, J = 2.2, 8.5 Hz, 1 H),
7.59 (d, J = 8.8 Hz, 2 H), 7.56 (d, J 2.5 Hz, 1 H),
7.38 (app d, J = 8.5 Hz5 1 H), 7.23 (d, J = 1.9 Hz, 1
H), 6.96 (dd, J = 2.2, 8.5 Hz, 1 H), 6.93 (dd, J =
2.5, 5.5 Hz, 1 H), 3.76 (s, 3 H); LCMS m/z = 519.0, tR
=2.57 min (MH+); Anal, calc'd for C24H16F6N6O: C 55.6,
H 3.11, N 16.21; Found: C 55.81, H 3.43, N 16.42; mp:
217 - 220 0C (dec). The following example describes
methods for preparing disubstituted imidazole
compounds. Example Ia Intermediate I i2 was
synthesized following step 5 of Example 1 using 3,3,3-
trifluoro-l-phenylpropane-1, 2-dione dydrate as shown
below (MeOH = methanol, RT = room temperature,
o/n=overnight, min = minutes): RT, o/n Intermediate I
i3 was synthesized following step 5 of Example 1 using
1-phenyl- 1,2- propanedione instead of I h as shown
below:Intermediate I i4 was synthesized following step
5 of Example 1 using l-(3-
trifluoromethylphenyl)-1,2-propanedione or
1-(4-trifluoromethylphenyl)- 1,2-propanedione as shown
below: Intermediate I i5 was synthesized following
step 5 of Example 1, coupled with procedures in US
Patent No. 5,374,615, using ethyl
(2Z)-4,4,4-trifluoro-2-(hydroxyimino)- 3-oxobutanoate
made from ethyl 4,4,4-trifluoro-3-oxobutanoate as
shown below (AcOH = acetic acid, NaOAc = sodium
acetate, NMA = N-methyl acetamide): Example 2
Preparation of (2-Fluoro-5-pyridin-3-yl-phenyl)-{
l-methyl-5-[2-(5-trifluoromethyl-lHimidazol-
2-yl)-pyridin-4-yloxy]-lH-benzoimidazol-2-yl}-amine(2-
Fluoro-5-pyridin-3-yl-phenyl)-{l-methyl-5-[2-(5-triflu
oromethyl-lH-imidazol-2-
yl)-pyridin-4-yloxy]-lH-benzoimidazol-2-yl}-amine was
synthesized as described above in Step 7 of Example 1
using 3-(4-Fluoro-3-isothiocyanato-phenyi)-pyridine.
LCMS m/z 546.1 (MH+ R 1.82 min. Example 3 Preparation
of
(2-Fluoro-5-pyridin-4-yl-phenyl)-{l-methyl-5-[2-(5-tri
fluoromethyl-lHimidazol-
2-yl)-pyridin-4-yloxy]-lH-benzoimidazol-2-yl}-amine
(2-Fluoro-5-ryridin-4-yl- rhenyl)-
{1-methyl-5-[2<5-trffluoromethyl- 1H-imidazol-2-
yl)-pyridin-4-yloxy]-lH-benzoimidazol-2-yl}-amine was
synthesized as described above in Step 7 of Example 1
using 4-(4-Fluoro-3-isothiocyanato- rhenyl)-pyridine.
LCMS m/z 546.5 (MH+), R, 1.83 min. Example 4
Preparation of (4-ter t-Butyl-phenyl)-
{1-methyl-5-[2-(5-trifluoromethyl- 1H-imidazol-2-yl)-
pyridin-4-yloxy]-lH-benzoimidazol-2-yl}-amine (4-t r
-Butyl-phenyl)-{l-methyl-5-[2-(5-trifluoromethyl-lH-im
idazol-2-yl)-pyridin- 4-yloxy]-lH-benzoimidazol-2-yl}
-amine was synthesized as described above in Step 7 of
Example 1 using 4- r -butylphenylisothiocyanate. LCMS
m/z 425.4 (MH+), R 2.56 min. Example 5 Preparation of
{l-Methyl-5-[2-(5-trifluoromethyl-lH-imidazol-2-yl)-py
ridin-4-yloxy]-lHbenzoimidazol-
2-yl}-(3-trifluoromethyl-phenyl)-amine{l-Methyl-5-[2-(
5-trifluoromethyl-lH-imidazol-2-yl)-pyridin-4-yloxy]
lH-benzoimidazol-
2-yl}-(3-trifluoromethyl-phenyl)-amine was synthesized
as described above in Step 7 of Example 1 using
3-(trifluoromethyl)phenylisothiocyanate. LCMS m/z
519.4 (MH ), R 2.36 min. Example 6 Preparation of
(3-Ethyl-phenyl)-{l-methyl-5-[2-(5-trifluoromethyl-lH-
imidazol-2-yl)-
pyridin-4-yloxy]-lH-benzoimidazol-2-yl}-amine
(3-Ethyl-rhenyl)-{l-methyl-5-[2-(5-trifluoromethyl-lH-
imidazol-2-yl)-pyridin-4-yloxy]- l
H-benzoimidazol-2-yl}-amine was synthesized as
described above in Step 7 of Example 1 using 3-ethyl
phenylisothiocyanate. LCMS m/z 479.4 (MH+), R 2.32
min. Example 7 Preparation of (4-Chloro-phenyl)-{
l-methyl-5-[2-(5-trifluoromethyl-lH-imidazol-2-yl)-
pyridin-4-y loxy]-1H-benzoimidazol-2-yl }-amine
(4-Chloro-phenyl)-{l-methyl-5-[2-(5-trifluoromethyl-lH
-imidazol-2-yl)-pyridin-4-
yloxy]-lH-benzoimidazol-2-yl}-amine was synthesized as
described above in Step 7 of Example 1 using
4-chlorophenylisothiocyanate. LCMS m/z 485.4 (MH+), R
2.23 min. Example 8 Preparation of
(4-Ethyl-phenyl)-{l-methyl-5-[2-(5-trifluoromethyl-lH-
imidazol-2-yl)- pyridin-4-yloxy]-1H-benzoimidazol-2-yl
}-amine(4-Ethyl-phenyl)-{l-methyl-5-[2-(5-trifluoromet
h.yl-lH-imidazol-2-yl)-pyridin-4-yloxy]-
lH-benzoimidazol-2-yl} -amine was synthesized as
described above in Step 7 of Example 1 using
4-ethylphenylisothiocyanate. LCMS m/z 479.5 (MH+) R
2.31 min. Example 9 Preparation of
(4-Chloro-3-trifluoromethyl-phenyl)-{
l-methyl-5-[2-(5-trifluoromethyl-lHimidazol-
2-yl)-pyridin-4-yloxy]- 1H-benzoimidazol-2-yl} -amine
(4-Chloro-3-trifluoromethyl-rhenyl)-{l-methyl-5-[2-(5-
trifluoromethyl-lHimidazol- 2-yl)-pyridin-4-yloxy]-
1H-benzoimidazol-2-yl} -amine was synthesized as
described above in Step 7 of Example 1 using
4-chloro-3-(trifluoromethyl) rhenylisothiocyanate.
LCMS m/z 553.4 (MH+), R 2.51 min. Example 10
Preparation of
(4-Fluoro-3-trifluoromethyl-phenyl)-{l-methyl-5-[2-(5-
trifluoromethyl-lHimidazol-
2-yl)-pyridm-4-yloxy]-lH-benzoimidazol-2-yl}-amine
(4-Fluoro-3-trifluoromethyl-phenyl)-
{1-methyl-5-[2-(5-trifluoromethyl- 1Himidazol-
2-yl)-pyridin-4-yloxy]-l H-benzoimidazol-2-yl} -amine
was synthesized as described above in Step 7 of
Example 1 using 4-fluoro-3-(trifluoromethyl)
phenylisothiocyanate. LCMS m/z 537'A (MH+), R 2.40
min. Example 11 Preparation of
{l-Methyl-5-[2-(5-trifluoromethyl-lH-imidazol-2-yl)-py
ridin-4-yloxy]-lHbenzoimidazol-
2-yl}-(4-trifluoromethoxy-phenyl)-amine{1-Methyl-5-[2-
(5-trifluoromethyl-
1H~imidazol-2-yl)-pyridin-4-yloxy]- 1H-benzoimidazol-
2-yl}-(4-trifluoromethoxy-phenyl)-amine was
synthesized as described above in Step 7 of Example 1
using 4-(trifluoromethoxy)phenylisothiocyanate. LCMS
m/z 535.4 (MH+) R, 2.24 min. Example 12 Preparation of
(2-Fluoro-5-trifluoromethyl-phenyl)-(l-methyl-5-{2-[5-
methyl-4-(3-trifluoromethyl- phenyl)-
1H-imidazol-2-yl]-pyridin-4-yloxy}
-1H-benzoimidazol-2-yl)-amine
(2-Fluoro-5-trifluoromethyl-phenyl)-(l-methyl-5-{2-[5-
methyl-4-(3-trifluoromethyl- phenyl)-
1H-imidazol-2-yl]-pyridin-4-yloxy
}-1H-benzoimidazol-2-yl)-amine was synthesized using
similar procedures as described above in Example 1
using 2-Fluoro-5-(trifluoromethyl) phenyl
isothiocyanate. LCMS m/z 627.5 (MH+), R 2.79 min.
Example 13 Preparation of
(2-Fluoro-5-trifluoromethyl-phenyl)-(l-methyl-5-{2-[5-
methyl-4-(4-trifluoromethyl- phenyl)-
1H-irnidazol-2-yl]-pyridin-4-yloxy}
-1H-benzoimidazol-2-yl)-amine
(2-Fluoro-5-trifluoromethyl-phenyl)-(l-methyl-5-{2-[5-
methyl-4-(4-trifluoromethylphenyl)- 1H-imidazol-2-yl]
-pyridin-4-yloxy }-1H-benzoimidazol-2-yl)-amine was
synthesized using similar procedures as described
above in Example 1 using 2-Fluoro-5-(trifluoromethyl) 



phenyl isothiocyanate. LCMS m/z 627.5 (MH+), R 2.79
min. Example 14Preparation of
2-{4-[2-(2-Fluoro-5-trifluoromethyl-phenylamino)-
1-methyl-1H-benzoimidazol-
5-yloxy]-pyridin-2-yl}-5-trifluoromethyl-lH-imidazole-
4-carboxylic acid ethyl ester
2-{4-[2-(2-Fluoro-5-trifluoromethyl-phenylamino)-l-met
hyl-lH-benzoimidazol-5-
yloxy]-pyridin-2-yl}-5-trifluoromethyl-lH-imidazole-4-
carboxylic acid ethyl ester was synthesized using
similar procedures as described above in Example 1
using 2-Fluoro-5-(trifluoromethyl) phenyl
isothiocyanate. LCMS m/z 609.5 (MH+) . Example 15
Preparation of
(2-{4-[2-(2-Fluoro-5-trifluoromethyl-phenylamino)-l-me
thyl-lH-benzoimidazol-
5-yloxy]-pyridin-2-yl}-5-trifluoromethyl-lH-imidazol-4
-yl)-methanol Red-Al (sodium
bis(2-methoxyethoxy)aluminium hydride, 65% wt in
toluene, 0.1 mL) was added dropwise to a solution of
2-{4-[2-(2-fluoro-5-trifluoromethylphenylamino)-
1-methyl-1H-benzoimidazol-5-yloxy]-pyridin-2-yl}
-5-trifluoromethyl- 1Himidazole- 4-carboxylic acid
ethyl ester (0,0104 g, 0.017 mmol) in toluene.
Effervescence was observed and after 20 min, the
reaction was quenched with H O5NaOH and extracted with
EtOAc. The organic layer was washed with H2O, dried
over Na2SO4, filtered and concentrated to give 5.9 mg
of crude
(2-{4-[2-(2-fluoro-5-trifluoromethyl-phenylamino)-lmet
hyl-
lH-benzoimidazol-5-yloxy]-pyridin-2-yl}-5-trifluoromet
hyl-lH-imidazol-4-yl)- methanol which was further
purified by RP HPLC (reverse phase HPLC) to give 1.1
mg of the pure compound (98% purity). LCMS m/z 567..1
(MH+), R 2.40 min. Example 16 Preparation of
2-{4-[l-Methyl-2-(4-trifluoromethyl-phenylamino)-lH-be
nzoimidazol-5-yloxy]-
pyridin-2-yl}-3H-imidazole-4-carbonitrileA slurry of
{l-methyl-5-[2-(5-trifluoromethyl-lH-imidazol-2-yl)-py
ridin-4-yloxy]-
lH-benzoimidazol-2-yl}-(4-trifluoromethyl-phenyl)-amin
e was prepared according to Example 1 (1.83 g, 3.4
mmol) and 28 %NH4OH (23 niL) in MeOH (10 mL) was
sealed in a tube and heated to 140 0C for 3 h. The
reaction was monitored by LCMS. Then, the crude
reaction mixture was added to a separatory funnel and
partitioned with EtOAc (50) and water (50 mL). The
layers were separated, and the aqueous phase was
extracted with EtOAc (2 x 50 mL). The organic layers
were combined, washed with brine, then dried (MgSO4),
and concentrated. The crude product was adsorbed onto
SiO and purified by flash chromatography to give
2-{4-[l-methyl-2-(4-trifluoromethyl-phenylamino)-lHben
zoimidazol-
5-yloxy]-pyridin-2-yl}-3H-imidazole-4-carbonitrile as
a white solid. LCMS m/z 476. 1 (MH+) Examples 17-59b
The compounds shown in the following Table 1 (Examples
17-59b) were prepared following the procedures
described for Examples 1-16. Various starting
materials used in the synthesis of the compounds will
be apparent to one of skill in the art (e.g. Tordeux,
M.; Langlois, B.; Wakselman, C. J. Chem Soc. Perkin
Trans 1 1990, 2293). Table 1 Example Structure Name
MH+ 17 (3-tert-Butyl-phenyl)-{l-methyl-5- 515.4
[2-(5-phenyl-lH-imidazol-2-yl)-
pyridin-4-yloxy]-lH-benzo~ imidazol-2-yl}-amine 18
{l-Methyl-5-[2-(5-phenyl-lH- 559.3 imidazol-2-y
l)-pyridin-4-yloxy] - 1H-benzoimidazol-2-yl
}-(4-trifluoromethylsulfanyl- phenyl)-
amineEPOXIDATION PROCESS COMPRISING A POLYMER-
ENCAPSULATED NOBLE METAL CATALYST COMPRISING AN
ION-EXCHANGE RESIN FIELD O F THE INVENTION This
invention relates to a process for producing an
epoxide from hydrogen, oxygen, and an olefin.
BACKGROUND OF THE INVENTION Many different methods for
the preparation of epoxides have been developed.
Commercially, propylene oxide is produced by the
chlorohydrin process or hydroperoxidation (see, e.g.,
U.S. Pat. Nos. 3,351,635 and 4,367,342; EP 0 345 856).
Unfortunately, both processes have disadvantages. The
chlorohydrin process suffers from the production of a
dilute salt stream. The hydroperoxidation process, in
which propylene is oxidized with an organic
hydroperoxide such as ethylbenzene hydroperoxide or
tert-butyl hydroperoxide, produces organic co-products
such as t-butyl alcohol or styrene, whose value must
be captured in the market place. Ethylene oxide is
commercially produced by the direct oxidation of
ethylene with oxygen over a silver catalyst.
Unfortunately, efforts to epoxidize higher olefins
(olefins containing three or more carbons) such as
propylene with oxygen in the presence of a silver
catalyst have failed to produce a commercial process
(see, e.g., U.S. Pat. Nos. 5,856,534, 5,780,657 and
4,994,589). Recent efforts have focused on the direct
epoxidation of higher olefins with oxygen and
hydrogen. For example, the reaction may be performed
in the presence of a catalyst comprising gold and a
titanium-containing support (see, e.g., U.S. Pat. Nos.
5,623,090, 6,362,349, and 6,646,142), or a catalyst
containing palladium on a titanium zeolite (see, e.g.,
JP 4-352771). Mixed catalyst systems for olefin
epoxidation with hydrogen and oxygen have also been
disclosed. For example, Example 13 of JP 4-352771
describes the use of a mixture of titanosilicate and
Pd-on-carbon for propylene epoxidation. U.S. Pat. No.
6,008,388 describes a catalyst comprising a noble
metal and a titanium or vanadium zeolite, but
additionally teaches that the Pd can be incorporated
into a support before mixing with the zeolite. The
catalyst supports disclosed include silica, alumina,
and activated carbon. U.S. Pat. No. 6,498,259discloses
the epoxidation of an olefin with hydrogen and oxygen
in a solvent containing a buffer in the presence of a
catalyst mixture containing a titanium zeolite and a
noble metal catalyst. It also discloses that organic
polymer resins such as polystyrene,
styrene-divinylbenzene copolymer, crosslinked
polyethyleneimines, and polybenzimidazole may be used
as supports for the noble metal catalyst. Recently, a
technique called "microencapsulation" was used to
prepare catalysts with improved properties (see Chem.
Commun. (2003) 449 and references cited therein;
Angew. Chem., Int. Ed. 40 (2001) 3469; J. Am. Chem. So
120 (1998) 2985; U.S. Appl. Pub. Nos. 2005/0201925,
2005/0202957, and 2005/0203304). EP 0 498 166 A 1
discloses an alumina-supported Pd catalyst impregnated
with 4-bromostyrene or styrene that is subsequently
polymerized (see Example 7 and Comparative Example 8).
The poly(4-bromostyrene)- coated catalyst is active in
generating hydrogen peroxide from hydrogen and oxygen.
U.S. Appl. Pub. No. 2004/0184983 describes a catalyst
consisting of: (a) one or more metals of the platinum
group as active components; (b) one or more
polyolefins; and (c) a carrier. The polyolefin is
dissolved in a solvent and the resulting solution is
used to impregnate the carrier or the catalyst.
SUMMARY OF THE INVENTION The invention is an
epoxidation process comprising reacting an olefin,
hydrogen, and oxygen in the presence of an oxidation
catalyst comprising a transition metal zeolite, and a
polymer-encapsulated noble metal catalyst. The noble
metal catalyst comprises a noble metal and an
ion-exchange resin. The process using the
polymer-encapsulated noble metal catalyst gives higher
epoxide productivity than a process that uses a noble
metal catalyst which is not encapsulated by a polymer.
DETAILED DESCRIPTION OF THE INVENTION The process of
the invention employs an oxidation catalyst comprising
a transition metal zeolite. Zeolites generally contain
one or more of Si, Ge, Al, B, P, or the like, in
addition to oxygen. A transition metal zeolite is a
crystalline material having a porous molecular sieve
structure and containing a transition metal (e.g.,
titanium zeolites, vanadium zeolites). A transition
metal is an element in Groups 3-12 of the Periodic
Table. The first row of these elements includes
elements from Sc to Zn. Preferred transition metals
are Ti, V, Mn, Fe,Co1 Cr, Zr1 Nb, Mo, and W.
Particularly preferred are Ti, V1 Mo, and W. Most
preferred is Ti. The type of transition metal zeolite
employed depends upon a number of factors, including
the size and shape of the olefin to be epoxidized. For
example, it is preferred to use a relatively small
pore zeolite such as a transition metal silicalite if
the olefin is a lower aliphatic olefin such as
ethylene, propylene, or 1-butene. Where the olefin is
propylene, the use of a TS-1 (titanium silicalite-1, a
titanium silicalite having an MFI topology analogous
to that of the ZSM-5 aluminosilicate) is especially
advantageous. For a bulky olefin such as cyclohexene,
larger pore zeolites may be preferred. Preferred
titanium zeolites used in the oxidation catalyst
include titanium silicates (titanosilicates).
Preferably, they contain no element other than
titanium, silicon, and oxygen in the lattice framework
(see R. Szostak, "Nonaluminosilicate Molecular
Sieves," in Molecular Sieves: Principles of Synthesis
and Identification (1989), Van Nostrand Reinhold, pp.
205-282). Small amounts of impurities, e.g., boron,
iron, aluminum, phosphorous, copper, and the like, and
mixtures thereof, may be present in the lattice. The
amount of impurities is preferably less than 0.5
weight percent (wt.%), more preferably less than 0.1
wt.%. Preferred titanium silicates will generally have
a composition corresponding to the following empirical
formula: xTiq 2 #(1-x)Si q 2, where x is between
0.0001 and 0.5000. More preferably, the value of x is
from 0.01 to 0.125. The molar ratio of ShTi in the
lattice framework of the zeolite is advantageously
from 9.5:1 to 99:1 (most preferably from 9.5:1 to
60:1). The use of relatively titanium-rich zeolites
may also be desirable. Particularly preferred titanium
zeolites include the class of molecular sieves
commonly known as titanium silicalites (see Catal.
Rev.-Sci. Ena.. 39(3) (1997) 209). Examples of these
include TS-1, TS-2 (having an MEL topology analogous
to that of the ZSM-1 1 aluminosilicate), and TS-3 (as
described in Belgian Pat. No. 1,001,038). Titanium
zeolites having framework structures isomorphous to
zeolite beta, mordenite, and ZSM-12 are also suitable
for use. The oxidation catalyst may be a powder or it
may be formed into particles of various shapes and
sizes. Suitable oxidation catalysts have a particle
size in the range of about 0.0001 to about 3 mm. A
formed oxidation catalyst may be made by peptization,
spray-drying, extrudation, or the like. It may contain
othercomponents such as silica, alumina, and titania,
and the like, and mixtures thereof (e.g., as binder).
The oxidation catalyst may be encapsulated within a
polymer. Suitable polymers and the methods of
encapsulation described below for the encapsulation of
the noble metal catalyst may be applied. A
polymer-encapsulated noble metal catalyst is employed
in the process. The noble metal catalyst of the
present invention comprises a noble metal. Suitable
noble metals include gold, silver, platinum,
palladium, iridium, ruthenium, osmium, and mixtures
thereof. Preferred noble metals are Pd, Pt, Au, Re,
Ag, and mixtures thereof. While any of the noble
metals can be utilized, either alone or in
combination, palladium and gold are particularly
desirable. Typically, the amount of noble metal
present in the catalyst will be in the range of from
0.01 to 20 wt.%, preferably 0.1 to 5 wt.%. The manner
in which the noble metal is incorporated into the
catalyst is not critical. For example, the noble metal
may be supported on the ion-exchange resin by
impregnation, ion exchange, adsorption, precipitation,
or the like. There are no particular restrictions
regarding the choice of the noble metal compound or
complex used as the source of the noble metal in the
catalyst. Suitable compounds include nitrates,
sulfates, halides (e.g., chlorides, bromides),
carboxylates (e.g., acetate), and amine or phosphine
complexes of noble metals (e.g., palladium(ll)
tetraammine bromide, tetrakis(triphenylphosphine)
palladium(O)). Similarly, the oxidation state of the
noble metal is not critical. Palladium, for instance,
may be in an oxidation state anywhere from 0 to +4 or
any combination of such oxidation states. To achieve
the desired oxidation state or combination of
oxidation states, the noble metal compound after being
introduced into the catalyst may be fully or partially
pre-reduced. Satisfactory 



catalytic performance can, however, be attained
without any pre-reduction. The noble metal catalyst
comprises an ion-exchange resin as a support.
Ion-exchange resins are synthetic organic polymers
having ion-exchange properties. Examples of
ion-exchange resins can be found in Ion Exchange ,
Friedrich Helfferich, McGraw-Hill Book Company, Inc.
(1962), pp. 26-71 . Preferably the ion-exchange resin
is crosslinked. Ion-exchange resins are categorized
according to functionality as either strong or weak
acids or bases.Acidic resins (cationic resins)
generally contain sulfonic acid or carboxylic acid
groups. Basic resins (anionic resins) generally
contain amine, substituted amine, ammonium, or
substituted ammonium groups. Particularly preferred
resins include the addition copolymers prepared from
vinyl monomers. Although gelular ion-exchange resins
can be used, macroreticular ionexchange resins are
preferred (see F. Helfferich, supra pp. 59-60).
Macroreticular resins consist of agglomerates of very
small gelular microspheres. They have both micropores
and macropores. The average pore diameter of the resin
is preferably greater than 10 angstroms (A), more
preferably greater than 20 A. The internal surface
area of the resin is typically in the range of 1-1000
square meters per gram (m2/g), preferably in the range
of 10-900 m2/g, more preferably in the range of 30-600
m2/g (see R. L. Albright, "Basic Principles of
Catalysis by Functionalized Porous Organic Polymers,"
Catalyst Supports and Supported Catalysts (1987) A. B.
Stiles, Ed., Butterworths Publishers, pp. 159-186).
Preferably, an acidic resin (cationic resin) is used.
Particularly preferred resins are sulfonic acid
polystyrene resins, i.e., crosslinked polystyrene
containing sulfonic acid functional groups.
Divinylbenzene is commonly used as the crosslinking
agent. When an acidic ion-exchange resin is used, its
protons may be partially or completely exchanged by
other cations. The extent of exchange may be anywhere
in the range of 0-100 mol.%. Preferably at least 1
mol.% of protons are exchanged by other cations; the
resulting resin is referred to as a "cation-exchanged"
resin. Suitable cations include alkali metal, alkaline
earth metal, lanthanide metal, zinc, cadmium,
ammonium, alkylammonium, alkylphosphonium ions, and
the like, and mixtures thereof. Preferred cations
include alkali metal and alkaline earth metal ions,
and mixtures thereof. Particularly preferred cations
include sodium, potassium, calcium, and magnesium
ions, and mixtures thereof. The capacity of the
ion-exchange resin is not critical. The capacity is a
measure of the concentration of the functional groups
(e.g., sulfonic acid or carboxylic acid, amine,
ammonium, substituted ammonium) in the resin. Suitable
ion-exchange resins may contain 0.01-20 equivalents
per kilogram (eq/kg) of functional groups. Preferred
resins contain 0.1-15 eq/kg; particularlypreferred
resins contain 1-10 eq/kg. For example, Amberlyst 36
(an acidic resin available from Rohm & Haas) contains
5.4 eq/kg of sulfonic acid groups. The noble metal
catalyst may contain other components, e.g., titania,
zirconia, niobia, silica, alumina, silica-alumina,
titania-silica, zirconia-silica, niobia-silica, and
the like, and mixtures thereof. A composite of an
ion-exchange resin and any of the above components may
also be used as a support for the catalyst. For
instance, U.S. Pat. No. 5,824,622 discloses porous
microcomposites comprising a perfluorinated
ion-exchange polymer containing pendant sulfonic
and/or carboxylic acid groups entrapped within and
highly dispersed throughout a network of metal oxide.
Similar microcomposites can be used in the present
invention. A polymer-encapsulated noble metal catalyst
is used in the present invention. By "encapsulated,"
we mean that the catalyst is contained within and is
surrounded by a layer of polymer. Because ion-exchange
resins are typically supplied as beads of various
sizes (e.g., from about 10 mm to about 2 mm), the
noble metal catalyst comprising a transition metal and
an ion-exchange resin typically have similar particle
sizes as the ion-exchange resin used. Thus the
polymer-encapsulation involves entrapping the noble
metal catalyst within a polymeric coating. Polymers
suitable for use in making polymer-encapsulated noble
metal catalysts include natural or synthetic organic
polymers (containing carbon atoms) made by addition or
condensation polymerizations. Generally, the polymers
are homopolymers or random and block copolymers
produced by free-radical, ionic, coordination, or
condensation polymerization of one or more
polymerizable monomers. Examples include
polystyrenics, polyolefins, polyethers, polyureas,
polyacrylics, polyurethanes, polyesters, polyamides,
polysiloxanes, polysaccharides, polypeptides,
poly-nucleotides, and the like, and mixtures thereof.
Preferred are polystyrenics, polyolefins, and mixtures
thereof. Particularly preferred is polystyrene. The
polymers can be generated by bulk, solution,
suspension, or emulsion polymerizations. The polymers
can be hydrocarbons, or they can incorporate
functional groups such as halogens, hydroxyl, amine,
phosphine, phosphine oxide, arsine, sulfur, sulfur
oxides, alkoxy, silane, siloxy, carboxy, or the
like.The order in which the noble metal addition to
the ion-exchange resin and the polymer-encapsulation
are carried out is not critical, as long as both the
ionexchange resin and the noble metal are essentially
enveloped within a thin layer of polymer. In one
preferred example, a noble metal is added to an
ionexchange resin to form a noble metal catalyst prior
to its encapsulation. In another example, an
ion-exchange resin is encapsulated within a polymer to
produce a polymer-encapsulated ion-exchange resin, and
a transition metal is added to the
polymer-encapsulated ion-exchange resin afterward. The
noble metal compounds (e.g., palladium halides,
palladium acetate) or complexes (e.g., palladium(ll)
tetraammine bromide, tetrakis(triphenylphosphine)
palladium(O)) diffuse through the polymer layer and
deposit on the ion-exchange resin, thus both the
ion-exchange resin and the transition metal are
encapsulated. Preferably, at least a portion of the
noble metal in the resulting catalyst is pre-reduced
to the elemental state (e.g., Pd(O)) prior to its use
in the process. In yet another example, the noble
metal and the ion-exchange resin are encapsulated
within a polymer in a single step. There are many
suitable ways to encapsulate a noble metal catalyst
within a polymer. Suitable techniques include, for
example, spray-drying, spraychilling, spray-coating,
phase separation and coascervation, injection
treatment coating, fluid bed coating, dry-on-dry
coating, melt extrusion, vapor deposition, in-situ
polymerization, including in-situ interfacial
polymerization, and the like. These and other
micro-encapsulation techniques are described in the
introductory chapter of Microcapsules and
Nanoparticles in Medicine and Pharmacy , M. Donbrow,
Ed., pp. 1-14, and references cited therein, and in G.
Beestman, "Microencapsulation of Solid Particles," in
Controlled-Release Delivery Systems for Pesticides
(1999), H. Scher, Ed., pp. 31-54. See also U.S. Pat.
No. 6,156,245. In-situ polymerization is one preferred
technique. The noble metal catalyst is suspended in a
reaction medium containing monomer(s), an initiator,
and other components (e.g., a crosslinking reagent),
and polymerization proceeds to give the
polymer-encapsulated noble metal catalyst. The
monomers can be hydrophilic (e.g.,
N.N-dimethylacryl-amide), hydrophobic (e.g., styrene),
or a combination of these. Suitable techniques include
bulk, emulsion, suspension, and interfacial
polymerizations. The polymer-encapsulated catalystcan
be prepared in such a manner. As an example, styrene
or a mixture of styrene and other ethylenic monomer(s)
may be polymerized in an aqueous suspension of a noble
metal catalyst. Polymer encapsulation by phase
separation/coascervation is another preferred
technique. A suitable approach with polystyrene as the
polymer encapsulant is illustrated by Kobayashi et al.
(see Chem. Commun. (2003) 449 and references cited
therein; Anqew. Chem., Int. Ed. 40 (2001) 3469; J. Am.
Chem. Soc. 120 (1998) 2985). In a particularly
convenient coascervation approach taught by Kobayashi
for encapsulating a palladium compound, polystyrene is
dissolved in warm cyclohexane.
Tetrakis(triphenylphosphine) palladium(O) is dissolved
in the mixture. Upon slow cooling to O0C, phase
separation and capsule formation occur. Hexane is
added to harden the microcapsules, which are then
isolated, washed, and dried. Similarly, a noble metal
catalyst is mixed with a solution of a polymer (e.g.,
polystyrene, polyisobutylene) in a solvent. Upon
cooling to a lower temperature or/and the addition of
another solvent to reduce the solubility of the
polymer in the solvent mixture, phase separation
occurs and a polymer-encapsulated noble metal catalyst
is obtained. One interfacial method is illustrated by
Ley et al. (see Chem. Commun. (2002) 1132 and 1134;
and Chem. Commun. (2003) 678) in the preparation of
polyurea-encapsulated transition metals. In Ley's
example, an organic phase containing polymerizable
monomers and the transition metal source is dispersed
within an aqueous phase that contains emulsifiers
and/or stabilizers. Polymerization occurs at the
interface to form microcapsule walls. A
polyureaencapsulated noble metal catalyst is
analogously prepared by substituting a noble metal
catalyst for the transition metal source. For another
example of insitu polymerization to generate
microcapsules, see Adv. Powder Technol. 13 (2002) 265.
The oxidation catalyst and the noble metal catalyst
may be encapsulated within the same polymer. For
example, a suspension of an oxidation catalyst in a
polymer melt or a solution of a polymer in a solvent
may be used to encapsulate the noble metal catalyst by
any of the methods described above. The resulting
product obtained in such a way comprises a noble metal
catalyst and an oxidation catalyst, wherein the
oxidation catalyst is encapsulated by thepolymer and
is primarily distributed within the polymer body
surrounding a noble metal catalyst particle.
Polymer-encapsulation of the noble metal catalyst and
the oxidation catalyst can improve performance (e.g.,
rate, selectivity, catalyst life) and filterability
and also should reduce the leaching of the noble metal
into reaction mixtures. The polymer-encapsulated noble
metal catalyst may be further treated by techniques
such as heat treatment, oxidation, reduction, and the
like prior to use in the epoxidation process. For
example, the catalyst may be reduced under an
atmosphere containing hydrogen. The encapsulant
polymer and the noble metal may undergo physical or
chemical changes as a result of such treatment. For
example, an unsaturated polymer (e.g., polybutadiene)
may be hydrogenated by hydrogen treatment while the
noble metal may be reduced by the same treatment. The
weight ratio of oxidation
catalyst:polymer-encapsulated noble metal catalyst is
not particularly critical. However, a ratio of
0.01-100 (grams of oxidation catalyst per gram of
polymer-encapsulated noble metal catalyst) is
preferred. An olefin is required in the process.
Suitable olefins include any olefin having at least
one carbon-carbon double bond, and generally from 2 to
60 carbon atoms. Preferably, the olefin is an acyclic
alkene of from 2 to 30 carbon atoms. The process of
the invention is particularly suitable for epoxidizing
C2- C6 olefins. More than one double bond may be
present in the olefin molecule, as in a diene or
triene. The olefin may be a hydrocarbon, or it may
contain functional groups such as halide, carboxyl,
hydroxyl, ether, carbonyl, cyano, nitro groups, or the
like. The process of the invention is especially
useful for converting propylene to propylene oxide.
Oxygen and hydrogen are required. Although any sources
of oxygen and hydrogen are suitable, molecular oxygen
and molecular hydrogen are preferred. The molar ratio
of hydrogen to oxygen can usually be varied in the
range of H2:O2 =1:100 to 5:1 and is especially
favorable at 1:5 to 2:1. The molar ratio of oxygen to
olefin is usually 1:1 to 1:20, and preferably 1:1 .5
to 1:10. Relatively high oxygen to olefin molar ratios
(e.g., 1:1 to 1:3) may be advantageous for certain
olefins.In addition to the olefin, oxygen, and
hydrogen, an inert carrier gas may be used. As the
carrier gas, any desired inert gas can be used.
Suitable inert gases include helium, argon, nitrogen,
and carbon dioxide, and mixtures thereof. Saturated
hydrocarbons with 1-8, especially 1-6, and preferably
1-4 carbon 



atoms, e.g., methane, ethane, propane, and n-butane,
are also suitable. Nitrogen and saturated CrC 4
hydrocarbons are preferred inert carrier gases.
Mixtures of the listed inert carrier gases can also be
used. The molar ratio of olefin to carrier gas is
usually in the range of 100:1 to 1:10 and especially
20:1 to 1:10. The amount of the oxidation catalyst
used may be determined on the basis of the molar ratio
of the transition metal contained in the oxidation
catalyst to the olefin that is supplied per unit time.
Typically, sufficient oxidation catalyst is present to
provide a transition metal/olefin per hour molar feed
ratio of from 0.0001 to 0.1. The reaction mixture
(excluding the oxidation catalyst and the
polymerencapsulated noble metal catalyst) may be a
gas, liquid, supercritical fluid, or a gas/liquid
mixture under the reaction conditions. Preferably, at
least a portion of the reaction mixture is a liquid
under the reaction conditions. The oxidation catalyst
and the polymer-encapsulated noble metal catalyst are
preferably in the form of a suspension or fixed-bed.
The process may be performed in a continuous flow,
semi-batch, or batch mode. It is advantageous to work
at a pressure of 1-200 bars. Epoxidation according to
the invention is carried out at a temperature
effective to achieve the desired olefin epoxidation,
preferably at temperatures in the range of 0-2000C,
more preferably, 20-1500C. The process preferably uses
a solvent. Suitable solvents are liquid under the
reaction conditions. They include, for example,
oxygen-containing hydrocarbons such as alcohols,
aromatic and aliphatic solvents such as toluene and
hexane, chlorinated aromatic and aliphatic solvents
such as chlorobenzene and methylene chloride, nitriles
such as acetonitrile, carbon dioxide, and water, and
mixtures thereof. Suitable oxygenated solvents include
alcohols, ethers, esters, ketones, carbon dioxide,
water, and the like, and mixtures thereof. Preferred
oxygenated solvents include water and lower aliphatic
CrC 4 alcohols such as methanol, ethanol, isopropanol,
and tert-butanol, and mixtures thereof. Fluorinated
alcohols can be used.It may be advantageous to use a
buffer. The buffer is employed in the reaction to
inhibit the formation of glycols or glycol ethers
during epoxidation, and it can improve the reaction
rate and selectivities. The buffer is typically added
to the solvent to form a buffer solution, or the
solvent and the buffer are added separately. Useful
buffers include any suitable salts of oxyacids, the
nature and proportions of which in the mixture are
such that the pH of their solutions preferably ranges
from 3 to 12, more preferably from 4 to 10, and most
preferably from 5 to 9. Suitable salts of oxyacids
contain an anion and a cation. The anion may include
phosphate, carbonate, bicarbonate, sulfate,
carboxylates (e.g., acetate), borate, hydroxide,
silicate, aluminosilicate, or the like. The cation may
include ammonium, alkylammonium (e.g.,
tetraalkyl-ammoniums, pyridiniums), alkylphosphonium,
alkali metal, and alkaline earth metal ions, or the
like. Examples include NH , NBu4, NMe4, Li, Na, K, Cs,
Mg, and Ca cations. The preferred buffer comprises an
anion selected from the group consisting of phosphate,
carbonate, bicarbonate, sulfate, hydroxide, and
acetate; and a cation selected from the group
consisting of ammonium, alkylammonium,
alkylphosphonium, alkali metal, and alkaline earth
metal ions. Buffers may preferably contain a
combination of more than one suitable salt. Typically,
the concentration of the buffer in the solvent is from
0.0001 M to 1 M, preferably from 0.0005 M to 0.3 M.
The buffer may include ammonium hydroxide which can be
formed by adding ammonia gas to the reaction system.
For instance, one may use a pH = 12-14 solution of
ammonium hydroxide to balance the pH of the reaction
system. More preferred buffers include alkali metal
phosphates, ammonium phosphate, and ammonium
hydroxide. Following examples merely illustrate the
invention. Those skilled in the art will recognize
many variations that are within the spirit of the
invention and scope of the claims. COMPARATIVE EXAMPLE
1: Pd/A36 CATALYST Amberlyst 36 resin (A36, an acidic
resin obtained from Rohm & Haas) (50.5 g) is washed
with methanol (100 g) in a beaker under gen'tle
agitation. The methanol is then decanted. The methanol
washing step is repeated six times. To a suspension
containing the above washed A-36 and 100 g of
methanol, a solution made of 1.71 g of palladium
acetate and 70 g of acetone is added with mixing at
room temperature. After 30 min, the solid is filtered
and washed with100 g of methanol, then dried in a
vacuum oven at 6O0C to constant weight. The dried
solid (Catalyst A) (46.5 g) contains 1.9 wt.% Pd.
EXAMPLE 2: POLYSTYRENE-ENCAPSULATED Pd/A36 CATALYST
Into a 2-oz crown cap bottle containing a solution of
13 g of styrene and 0.15 g of
2,2'-azobis(isobutyronitrile) (AIBN), a solution of
0.15% polyvinyl alcohol) in water (120 g), and 30 g of
Catalyst A from Example 1 are charged. After the
bottle is purged with nitrogen to eliminate oxygen,
the bottle is capped and the suspension polymerization
effected by end-over-end agitation of the bottle in a
heated oil bath at 7O0C for 3 h, followed by another 3
h at 9O0C. After being cooled to room temperature, the
polymer-encapsulated catalyst is filtered, washed
twice with deionized water, and dried in a vacuum oven
at 6O0C to constant weight. The product (Pd/A36/PS,
Catalyst B) contains 1.0 wt.% Pd. COMPARATIVE EXAMPLE
3: EPOXIDATION OF PROPYLENE WITH Pd/A36 CATALYST An
ammonium phosphate buffer solution (0.1 M, pH 6) is
prepared as follows. Ammonium dihydrogen phosphate ( 1
1.5 g) is dissolved in 900 g of deionized water.
Aqueous ammonium hydroxide (30 wt.% NH4OH) is added to
the solution until the pH reads 6 via a pH meter. The
volume of the solution is then increased to exactly
1000 mL with additional deionized water. Titanium
silicalite-1 (TS-1) samples are prepared by following
procedures disclosed in U.S. Pat. Nos. 4,410,501 and
4,833,260. A 300-mL stainless steel reactor is charged
with 0.10 g of Catalyst A, 0.60 g of TS-1 powder (1.9
wt.% Ti, calcined at 55O0C in air), 13 g of buffer
solution as prepared above, and 100 g of methanol. The
reactor is then charged to 300 psig with a feed gas
consisting of 2 volume percent (vol.%) hydrogen, 4
vol.% oxygen, 5 vol.% propylene, 0.5 vol.% methane,
and the balance nitrogen. The pressure in the reactor
is maintained at 300 psig via a back pressure
regulator with the feed gases passed continuously
through the reactor at 1600 mL/min (measured at 230C
and 1 atmosphere pressure). In order to maintain a
constant solvent level in the reactor during the run,
the oxygen, nitrogen and propylene feeds are passed
through a 2-L stainless steel vessel (saturator)
preceding the reactor containing 1.5 L of methanol.
The reactor is stirred at 1500 rpm. The reaction
mixture is heated to 6O0C and the gaseous effluent is
analyzed by an online gas chromatograph (GC) every
hour and the liquid analyzed by offline GCat the end
of the 18 h run. The products formed include propylene
oxide (PO)1 propane, and derivatives of propylene
oxide such as propylene glycol, propylene glycol
monomethyl ethers, dipropylene glycol, and dipropylene
glycol methyl ethers. The results are shown in Table
1. The catalyst productivity is defined as the grams
of PO formed (including PO subsequently reacted to
form PO derivatives) per gram of catalysts (TS-1 and
Pd/A36 catalyst) per hour. POE (mole) = moles of PO +
moles of PO units in the PO derivatives. PO/POE =
(moles of PO)/(moles of POE) x 100. Propylene to POE
selectivity = (moles of POE)/(moles of propane formed
+ moles of POE) x 100. EXAMPLE 4: EPOXIDATION OF
PROPYLENE WITH POLYSTYRENE-ENCAPSULATED Pd/A36
CATALYST The procedure of Example 3 is repeated except
0.20 g of Catalyst B is used instead of 0.10 g of
Catalyst A. Results are shown in Table 1. The reaction
mixtures in Comparative Example 3 and Example 4
contain approximately the same amounts of Pd and TS-1.
As Table 1 shows, higher epoxide productivity is
obtained with the polystyrene-encapsulated Pd/A-36
catalyst. Table 1. Epoxidation of PropyleneWe claim:
1. An epoxidation process comprising reacting an
olefin, hydrogen, and oxygen in the presence of an
oxidation catalyst comprising a transition metal
zeolite, and a polymer-encapsulated noble metal
catalyst comprising a noble metal and an ion-exchange
resin. 2. The process of claim 1 wherein the
transition metal zeolite is a titanium zeolite. 3. The
process of claim 1 wherein the transition metal
zeolite is TS-1 . 4. The process of claim 1 wherein
the noble metal is selected from the group consisting
of palladium, platinum, gold, rhenium, silver, and
mixtures thereof. 5. The process of claim 1 wherein
the ion-exchange resin has a capacity of from 1 to 10
eq/kg. 6. The process of claim 1 wherein the
ion-exchange resin is an acidic ion-exchange resin. 7.
The process of claim 1 wherein the ion-exchange resin
is a sulfonic acid polystyrene resin. 8. The process
of claim 1 wherein the polymer is selected from the
group consisting of polystyrenics, polyolefins, and
mixtures thereof. 9. The process of claim 1 wherein
the polymer is polystyrene. 10. The process of claim 1
wherein the oxidation catalyst is encapsulated within
a polymer. 11. The process of claim 1 wherein the
oxidation catalyst is encapsulated within the same
polymer. 12. The process of claim 1 wherein the
ion-exchange resin comprises a cation selected from
the group consisting of alkali metal and alkaline
earth metal ions, and mixtures thereof. 13. The
process of claim 1 wherein the noble metal catalyst
further comprises a component selected from the group
consisting of titania, zirconia, niobia, silica,
alumina, silica-alumina, titania-silica,
zirconia-silica, niobia-silica, and mixtures thereof.
14. The process of claim 1 wherein the reaction is
performed in the presence of a solvent.15. The process
of claim 14 wherein the solvent is selected from the
group consisting of alcohols, ethers, esters, ketones,
carbon dioxide, water, and mixtures thereof. 16. The
process of claim 14 wherein the reaction is performed
in the presence of a buffer. 17. The process of claim
16 wherein the buffer comprises an anion selected from
the group consisting of phosphate, carbonate, sulfate,
hydroxide, acetate, and the mixtures thereof; and a
cation selected from the group consisting of ammonium,
alkylammonium, alkylphosphonium, alkali metal, and
alkaline earth metal ions, and the mixtures thereof.
18. The process of claim 1 wherein the olefin is one
or more C2- C6 olefins. 19. The process of claim 1
wherein the olefin is propylene. 20. An epoxidation
process comprising reacting propylene, hydrogen, and
oxygen in a solvent in the presence of a buffer, an
oxidation catalyst comprising a titanium zeolite, and
a polymer-encapsulated noble metal catalyst comprising
a noble metal and a sulfonic acid polystyrene resin. 


